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to  examine  into  the  security  of,  in  the  city  of  Washington .. 

Fishery  Commission,  award  of  the  Halifax,  of  1877,  with  docu- 
ments and  proceedings  (3  volumes)  

Flushing  Bay,  New  York,  letter  from  the  Secretary  of  War, 
transmitting  report  relative  to  improvement  of 

Forage,  letter  from  the  Secretary  of  War,  recommending  an 
amendment  of  the  statutes  in  relation  to  commutation  of. .. 

Foreign  relations,  papers  relating  to 

Appendix,  containing  correspondence  rela- 
tive to  the  improvement  of  commercial 
intercourse  between  the  United  States 
and  foreign  countries,  preceded  by  a  list 
of  papers  and  followed  by  an  iudex  of  per- 
sons and  subjects 

Foreign  countries,  report  npon  the  commercial  relations  of  tbe 
United  States  with,  for  the  year  1877 

Fishery  Commission,  documents  and  proceedings  of  the  Hali- 
fax (3  vols.) 

Forestry,  message  from  the  President  of  the  United   States, 
transmitting  a  special  report  upon  the  subject  of,  by  the 
Commissioner  of  Agriculture 

Fort  Monroe,  Va.,  letter  from  the  Secretary  of  War,  recom- 
mending appropriations  for  six  new  buildings  at 

Frauds  in  customs  revenue,  letter  from  the  Secretary  of  the 
Treasury,  transmitting  draught  of  a  bill  to  prevent 

Freedmeu's  Hospital  and  Asylum,  report  upon  the  (vol.  1) 
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INDEX. 


Subject. 


Fuel,  letter  from  the  Secretary  of  War,  recommending  an 
amendment  of  the  statutes  in  relation  to  commutation  of 

G. 

Geological  and  geographical  surveys,  a  letter  from  the  Secre- 
tary of  the  Interior,  transmitting  a  report  of  Professor  Pow- 
ell in  regard  to,  in  response  to  a  resolution  of  the  House 

General  of  the  Army,  report  of  the  (vol.  1) 

General  Land  Office,  letter  from  the  Secretary  of  the  Interior 
concerning  deficiency  for  contingent  expeuses  of  the 


H. 

Halifax  Commission,  1877,  award  of  the  Fishery  Commission, 
documents  and  proceedings  of,  under  the  treaty  of  Washing- 

ington  of  May  8, 1871,  in  three  volumes 

Harbor  at  Cincinnati,  letter  from  the  Secretary  of  War,  trans 
mitting  a  report  of  engineer  concerning  protection 

of,  from  ice 

Norfolk,  Hampton  River,  Pagan  Creek,  and  the 
Chickahominy  aud  Black  water  Rivers  in  Virginia, 
letter  from  the  Secretary  of  War,  transmitting  re- 
port of  engineer  on  improvement  of 

Hampton  River,  letter  of  Secretary  of  War,  transmitting  re- 
ports of  engineer  upon  the  improvement  of 

Hay  den,  Professor  F.  V.,  preliminary  report  of  the  field-work  of 
the  United  States  geological  and  geographical  survey  of  the 

Territories  by , 

Hot  Springs  (Arkansas)  Commission,  report  of  the 

Hurtt,  Captain  F.  W.,  assistant  quartermaster,  testimony  and 
papers  in  case  of,  transmitted  by  Secretary  of  War 

I. 

Illinois,  survey  of  lake-beds,  letter  from  Secretary  of  Interior 
in  response  to  a  resolution  of  the  House  in  reference  to  the 

survey  of 

Indian  Affairs,  report  of  the  Commissioner  of  (vol.  1) 

papers  accompanying 

report  of  the  Commissioner  of,  of  disbursements 
for  the  Indian  Department  for  year  ending 

June  30,  1877 

Indiana,  survey  of  lake-beds,  letter  from  Secretary  of  Interior 
in  response  to  a  resolution  of  the  House,  in  reference  to  the 

survey  of 

Indians,  letter  from  the  Secretary  of  War,  in  response  to  a  reso- 
lution of  the  House  concerning  the  protection  of  the 

residents  of  Colorado  against  the 

letter  from  the  Secretary  of  the  Interior  relative  to 
land-entries  by,  in  Michigan,  and  certain  frauds 

practiced  upon 

Informers,  letter  from  the  Secretary  of  the  Treasury,  trans- 
mitting a  detailed  report  of  the  sums  allowed  as  compensa- 
tion to  officers  of  customs  and 

Insane,  Government  Hospital  for,  report  of  the  operations  of, 

by  the  board  of  visitors  (vol.  1) 

Inspectors  of  customs,  letter  from  the  Secretary  of  the  Treas- 
ury, transmitting  letter  from  Commissioner  of  Customs  pro- 
posing an  alteration  of  certain  sections  of  the  Revised  Stat- 
utes fixing  the  compensation  of 

Interest  paid  to  national  banks,  letter  from  the  Secretary  of 
the  Treasury,  transmitting  a  statement  of  the  sums  paid  to.. 

Internal  Revenue,  Commissioner  of,  annual  report  of 

Interior  Department,  accountability  of   disbursing-clerk  of, 

letter  from  the  Secretary,  recommend- 
iug  that  he  be  relieved 
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Subject. 


Volume.     No.    Part. 


Interior  Department,  employed  who  have  served  in  the  mili- 
tary and  naval  service,  letter  from  the 

Secretary,  transmitting  a  list  of 

contingent  fund  of,  letter  from  the  Sec- 
retary of,  transmitting  detailed  ac- 
count of  expenditure  of 

Interior,  Secretary  of  the,  annual  report  of  the  (vol.  1) 

letter  from,  relating  to  land  entries  by  Indians  iu  Michi- 
gan   

annual  report  of  the  Commissioner  of  the  General  Land 

Office  (vol.  1) 

papers  accompanying  the  above  report  (vol.  1) 

report  of  the  Commissioner  of  Indian  Affairs 

papers  accompanying  the  same  ( vol.  1) 

report  of  the  commission  appointed  to  meet  the  Sioux  In- 
dian chief  Sitting-Bull,  with  a  view  to  avert  hostile 
incursions  into  the  territory  of  the  United  States 
from  the  Dominion  of  Canada  (vol.  1) 

report  of  the  Commissioner  of  Pensions ' 

report  of  the  field-work  of  the  United  States  geological 
and  geographical  survey  of  the  Territories  under 
Professor  Hayden  (vol.  1) 

report  on  the  geological  and  geographical  survey  of  the 
Rocky  Mountain  region  by  J.  W.  Powell  (vol.  1) 

report  of  the  commission  appointed  under  act  of  March, 
1877,  regarding  the  Hot  Springs  reservation  in  the 
State  of  Arkansas  (vol.1). 

report  of  the  government  directors  of  the  Union  Pacific 
Railroad  (vol.  1) 

report  upon  the  Yellowstone  National  Park  (vol.  1 ) 

report  of  the  Columbia  Institution  for  the  Deaf  and  Dumb 
(vol.1) 

report  upon  Freedman's  Hospital  and  Asylum  (vol.  1) 

report  upon  the  Columbia  Hospital  for  Women  and  Lying- * 
in  Asylum  (vol.1) \ 

report  of  the  board  of  visitors  upon  the  operations  of  the 
Government  Hospital  for  the  Insane  (vol.  1 ) 

report  of  the  Architect  of  the  Capitol 

tabular  statements  of  the  disbursements  made  from  the 
appropriations  for  the  Indian  Department  for  the 
fiscal  year  ending  June  30, 1877,  and  of  salaries  and 
incidental  expenses  paid  at  each  agency  in  the  In- 
dian service  during  said  period 

deficiencv  for  the  contingent  expenses  of  the  General  Land 
Office,  letter  from  the  Secretary  of  the  Interior  con- 
cerning  

contingent  fund  of  the  Iuterior  Department,  letter  from 
the  Secretary  of  the  Interior,  transmitting  detailed 
account  of  expenditures  of 

accountability  of  disbursing-clerk,  letter  from  the  Secre- 
tary of  the  Interior,  recommending  that  the  disburs- 
ing-clerk of  the  department  be  relieved  from  respon- 
sibility of  the  payment  of  certain  forged  vouchers.. 

adoption  of  the  metrical  system,  letter  from  the  Secretary, 
transmitting  report  concerning ... 

Yellowstone  National  Park,  letter  from  the  Secretary  in 
regard  to  the  better  protection  of,  from  injury 

lands  granted  the  State  of  Michigan  for  railroad  purposes, 
Tetter  from  the  Secretary,  transmitting  information 
concerning 

geological  and  geographical  surveys,  letter  from  the  Sec- 
retary, transmitting  a  report  of  Professor  Powell  in 
regard  t.>  surveys,  in  response  to  a  resolution  of  the 
House 

geological  and  geographical  surveys,  letter  from  the  Sec- 
tary, in  response  to  a  resolution  of  the  House,  trans- 
mitting a  report  of  Professor  Hayden 
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Subject. 


Interior,  Secretary  of  the,  survey  of  lake-beds  in  Indiana  and 

Illinois,  letter  from  the  Secretary 
in  response  to  a  resolution  of  the 

House,  in  reference  to  the 

employe's  in  the  Interior  Department  who  have  served  in 
military  and  naval  service,  letter  from  the  Secre- 
tary, transmitting  a  list  of 

ravages  of  the  locusts,  letter  from  the  Secretary,  transmit- 
ting a  report  from  the  commission  of  entomologists 

on  the,  in  Western  States  and  Territories 

Iron,  steel,  and  other  metals,  report  of  board  for  testing,  trans- 
mitted by  President 

Italy,  letter  from  the  Secretary  of  State,  transmitting  a  letter 
from  the  Italian  minister  concerning  the  marks  of 
respect  shown  to  the  memory  of  Victor  Emanuel  I, 
late  King  of 

J. 

Jetties,  South  Pass,  Mississippi  River,  letter  from  the  Secre- 
tary of  War,  relative  to  report  of  M.  R.  Brown,  engineer,  re- 
lating to  the  work  on 

Joint  commission,  report  of  the,  created  to  direct  and  super- 
vise the  completion  of  the  Washington  Monument 

Judge-Advocate-General,  report  of 

K. 

Kaunas  Pacific  Railroad,  letter  from  the  Attorney-General  of 
the  United  States,  in  response  to  a  resolution  of  the  House 
iu  relation  to  suits  against  the 

Khedive  of  Egypt,  letter  from  the  Secretary  of  War,  concerning 
a  decoration  conferred  upon  Assistant  Surgeon  Wilson,  United 
States  Army,  by  the 

King  Victor  Emanuel,  of  Italy,  letter  from  the  Secretary  of 
State,  transmitting  a  letter  from  the  Italian  minister  concern- 
ing the  marks  of  lespect  shown  to  the  memory  of 

L. 

Lake-beds,  survey  of,  in  Indiana  and  Illinois,  letter  from  the 
Secretary  of  the  Interior,  in  response  to  a  resolution  of  the 
House  in  reference  to... 

Lake  Michigan  and  Sturgeon  Bay  Ship  Canal,  letter  from  the 
Secretary  of  War,  transmitting  report  of  engineer  on  the 
improvement  of 

Land -grant  railroads,  letter  from  the  Secretary  of  War,  rela- 
tive to  a  decision  of  the  Supreme  Court  upon  the  matter  of 
payments  to 

Land  entries  by  Indians  in  Michigan,  letter  from  the  Secre- 
tary of  the  Interior,  relating  to 

Land  Office,  letter  from  the  Secretary  of  the  Interior, concerning 
deficiency  for  contingent  expenses  of  the  General  Land  Office. 

Land  Office,  report  of  the  Commissioner  of  the  General  Land 
Office  (vol.  1) 

Lands  granted  to  the  State  of  Michigan  for  railroad  purposes, 
letter  from  the  Secretary  of  the  Interior,  transmitting  infor- 
mation concerning  lands  granted  to 

Leavenworth  military  prison,  report  concerning  (vol.  1) 

Legal-tender  notes,  letter  from  the  Secretary  of  the  Treasury, 
in  reference  to  sale  of  United  States  bonds  for  outstanding  .. 

Locusts,  ravages  of,  letter  from  Secretary  of  Iuterior,  trans- 
mitting a  report  from  commission  of  entomologists  on  the 

Loss  of  the  steamer  Metropolis,  letter  from  the  Secretary  of 
the  Treasury,  transmitting  report  of  the  Life-Saving  Service 
in  reference  to 

Louisiana,  commission  sent  to,  by  the  President,  letter  from  the 
Secretary  of  State,  transmitting  correspondence,  &o 
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IX 


Subject. 


M. 

Mail  steamship  service,  letter  from  tbe  Postmaster-General, 
in  compliance  with  the  resolution  of  the  Hoo.se,  transmitting 

a  tabular  statement  of  the  ocean,  of  foreign  countries 

Mails,  offer  for  carrying  land  and  water,  established,  &c , 

McAllister,  dredge-boat,  letter  from  the  Secretary  of  War,  in 

relation  to - 

Metrical  system,  letter  from  the  Secretary  of  the  Treasury, 

transmitting,  in  response  to  a  resolution 
of  the  House,  reports  concerning  adoption 

of  the,  of  weights  and  measures 

letter  from  the  Secretary  of  the  Interior  in 

regard  to  the  above 

letter  from  the  Secretary  of  War  in  regard  to 

the  above , 

Metropolis,  loss  of  steamer,  letter  from  the  Secretary  of  the 
Treasury,  transmitting  report  of  the  Life-Saving  Service  in 

reference  to 

Michigan,  land  granted  to,  for  railroad  purpose?,  letter  from 
Secretary  of  Interior,  transmitting  information  con- 
cerning  

letter  from  Secretary  of  the  Interior,  relating  to 

land  entries  by  Indians  in  the  State  of 

Military  Academy,  report  of  visitors  to  (vol.  1) 

letter  from  the  Attorney-General,  in  re- 
sponse to  a  resolution  of  the  House  in 
reference  to  the  appointment  of  cadets  to 

the  Naval  and,  by  the  President 

Military  posts,  aboudonment  of  certain,  letter  from  the  Secre- 
tary of  War  concerning 

Military  post,  site  for  in  Texas,  letter  from  the  Secretary  of 

War  relative  to  th *  douattou  of  land  as  a 

Military  roads  in  Arizona,  letter  from  the  Secretary  of  War 

in  relation  to  certain 

Mint,  report  of  the  Director  of. ..; 

Mississippi  River,  jetties,  South  Pass,  letter  from  Secretary  of 

War,  relative  to  the  report  of  M.  R.  Brown, 
engineer,  relating   to  the  work  of    Mr. 

Eads  at 

improvement  of  Southwest  Pass  6f,  letter 
from  the  Secretary  of  War,  transmitting 
report  of  engineer  upon  the  improvement 

of , 

South  Pass  of,  letter  from-  the  Secretary  of 
War,  transmitting  a  report  upon  the  im- 
provement of 

reservoirs  to  improve  the  navigation  of,  let- 
ter from  the  Secretary  of  War,  transmit- 
.        ting  information  concerning  the  effect  of., 
improvement  of,  letter  from  the  Secretary 
of  War,  transmitting  report  of  Chief  of 

Engineers  upon  the  necessity  for 

Sonth  Pass  of,  report  of  the  engineer  on  the 

improvement  of 

Mississippi,  veto  of  the  bill  for  special  terra  of  United  States 
court  in,  message  from  the  President  of  the  Uaited  States 

assigning  reasons  for 

Missouri  River,  letter  from  the  Secretary  of  War,  transmitting 

report  of  Chief  of  Engineers  on  the  improvement  of 

Molioe  Water-Power  Company,  letter  from  the  Secretary  of 
War,  transmitting  communication  from  the  president  of,  of 
Moline,  111.,  with  a  report  of  the  Chief  of  Ordnance  thereon.. 
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INDEX. 


Subject. 


N. 

National  banks,  letter  from  the  Secretary  of  Treasury,  trans- 
mitting a  statement  of  the  sums  paid  for  interest  in  coin  and 
currency  npon  bonds  held  by 

Naval  Academy,  appointment  of  cadets  to,  letter  from  Attor- 
ney-General in  reference  to 

Navy  Department,  civil  employes  in,  letter  from  the  Secretary 
of  Navy,  transmitting  a  list  of  civil  employed  in  that  depart- 
ment for  year  ending  December  31,  1877 

Navy,  letter  from  the  Secretary  of  War,  in  response  to  a  res- 
olution of  House,  transmitting  a  list  of  persons  in  the  em- 
ploy of  that  department  who  have  rendered  service  in  the 
Atmy  or 

Navy,  Secretary  of,  annual  report  of  the 

transmits  list  of  civil  employes  iu  his  de- 
partment   

Navy,  State,  and  War  Department  buildings,  report  of  the 
engineer  upon  the  state  of  (vol.  1) 

New  Mexico  and  Colorado,  letter  from  the  Secretary  of  War, 
transmitting  reports  on  lines  of  communication  betweeu 

New  York,  letter  from  the  Secretary  of  War,  transmitting  report 
relative  to  improvement  of  Flushing  Bay. 

Norfolk  Harbor,  letter  from  the  Secretary  of  War,  transmitting 
a  report  of  engineers  upon  the  improvement  of 

O. 

Ocean  mail  steamship  service,  letter  from  the  Postmaster-Gen- 
eral, in  compliance  with  a  resolution  of  the  House,  trans- 
mitting a  tabular  statement  of,  of  foreign  countries 

Officers,  commutation  allowed  in  certain  cities,  letter  from  Sec- 
rotary  of  War,  transmitting  a  list  of,  who  received 

Ordnance,  Chief  of,  annual  report  of  (vol.  3) 

P. 

Pacific  Railroad,  Kansas,  letter  from  the  Attorney-General,  in 
response  to  a  resolution  of  the  House  in  relation  to  suits 

against  the 

Pagan  Creek,  Virginia,  letter  from  Secretary  of  War,  trans- 
mitting reports  of  engineers  upon  the  improvement  of,  &c  ., 
Painting,  message  from  the  President,  informing  Congress  that 
he  had  delivered  to  Mrs.  Elizabeth  Thompson  a  copy  of  the 

joint  resolution  accepting , 

Pardons,  letter  from  the  Attorney-General,  in  response  to  a 
resolution  of  the  House,  transmitting  a  list  of,  by  the  Presi- 
dent between  March  4, 1877,  and  May  20,  1878 

Park,  Yellowstone  National,  letter  from  the  Secretary  of  the  In- 
terior in  regard  to  the  better  protection  of  the 

Patents,  annual  report  of  the  Commissioner  of , 

Paymaster-General,  annual  report  (vol.  1) 

Payments  to  informers,  letter  from  the  Secretary  of  the  Treas- 
ury, transmitting  a  detailed  report  of  the  sums  allowed  as 

compensation  to  officers  of  customs 

Pensions,  annual  report  of  the  Commissioner  of  (vol.  1) 

Pennsylvania  avenue,  letter  from  the  President,  transmitting 

report  of  Commissioners  upon  the  repavement  of 

Postmaster-General,  report  of  the 

transmits    a   tabular    statement  of   the 
ocean  mail  steamship  service  of  foreigu 

countries 

offer  for  carrying  mails,  land  and  water 

mails  established,  &o 

Powell,  J.  W.,  report  on  the  geographical  and  geological  sur- 
vey of   the  Rocky   Mountain  region 

(vol.  1) 

on  the  arid  regions  of  the  United  States.. 
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President  of  the  United  Stares,  transmits  annual  message  and 

accompanying  documents, 
second  session,  Forty-fifth 
Congress 

transmits  papers  relating  to 
the  foreigu  relations  of  the 
United  States,  preceded  by  a 
list  of  papers  and  followed 
by  an  index  of  persons  and 
subjects 

transmits  report  of  the  joint 
commission  created  to  direct 
and  supervise  the  completion 
of  the  Washington  Monu- 
ment   

transmits  report  of  the  commis- 
sion appointed  to  examine 
into  the  security  of  the  pub- 
lic buildings  in  the  city  of 
Washington  against  fire 

transmits  report  of  commis- 
sioners upon  the  repavement 
of  Pennsylvania  avenue 

transmits  a  special  report  npon 
the  subject  of  forestry,  by 
the  Commissioner  of  Agri- 
culture   

transmits  the  recent  correspon- 
dence between  the  Govern- 
ments of  Venezuela  and  the 
United  States,  in  relation  to 
the  Venezuelan  Mixed  Claims 
Commission,  in  answer  to  a 
resolution  of  the  House 

transmits  a  report  of  the  Attor- 
ney-General, in  answer  to  a 
resolution  of  the  House,  upon 
the  operation  of  the  Union 
Pacific  Railroad  and  its 
branches 

transmits  report  of  the  com- 
mission appointed  under  the 
act  of  Congress  approved 
March  3, 1873,  relative  to  the 
causes  of  steam-boiler  explo- 
sions  

informs  Congress  that  he  has 
delivered  to  Mrs.  Elizabeth 
Thompson  a  copy  of  the  joint 
resolution  accepting  a  paint- 
ing tendered  by  her 

communicates,  by  message,  his 
reason 8  for  withholding  ap- 
proval of  the  bill  (H.  R.  1093) 
entitled  "An  act  to  author- 
ize the  coinage  of  the  stand » 
ard  silver  dollar  and  to  re- 
store its  legal-tender  char- 
acter"   

communicates,  by  message,  his 
reasons  for  withholding  ap- 
proval of  the  bill  (H.  R.  3072) 
of  the  House  authorizing  a 
special  term  of  the  circuit 
court  of  the  United  States  for 
the  southern  district  of  Mis- 
sissippi   
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10 


1U 
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10 


10       11 


10 


24 


10 


30 


10       32 


14 


40 


14 


47 


14       59 


14 


62 


XII 


INDEX. 


Subject. 


President  of  the  United  States,  transmits,  in  response  to  a  res- 
olution of  the  House,  a  re- 
port from  the  Secretary  of 
State  in  reference  to  the 
seizure  of  the  steamer  Vir- 
ginias   

transmits  the  documents  and 
proceedings  of  the  Halifax 
Commission,  1877  (Fishery 
Commission),  under  the 
treaty  of  Washington  of  May , 
1871,  in  three  volumes 

transmits,  by  message,  a  com- 
munication from  the  Secre- 
tary of  State,  in  response  to  a 
resolution  of  the  House,  in 
relation  to  the  convention 
for  establishing  an  interna- 
tional bureau  of  weights  and 
measures 

transmits  letter  from  the  Attor- 
ney-General, in  reference  to 
the  appointment  of  cadets 
to  the  Naval  and  Military 
Academies  by  : 

transmits  letter  from  the  Sec- 
retary of  State,  transmitting 
correspondence,  &c,  in  con- 
nection with  the  commission 
appointed  by  the,  to  visit 
Louisiana,  in  April,  1877 

transmits  report  of  the  board 
for  testing  iron,  steel,  and 

other  metals 

Public  buildings,  report  of  the  commission  appointed  to  exam- 
ine into  the  security  of  the  public  buildings  in  the  city  of 
Washington  agaiust  fire 

Q. 

Quartermaster-General,  report  of  (vol.  1) 

Quarters,  commutation  of,  letter  from  the  Secretary  of  War, 
recommending  an  amendment  of  the  statutes  in  relation  to.. 

R. 

Railroads,  land-grant,  letter  from  the  Secretary  of  War,  rela- 
tive to  a  decision  of  the  Supreme  Court  upon  the 

matter  of  payment  to 

lands  granted  the  State  of  Michigan  for,  letter  from 
the  Secretary  of  Interior,  transmitting  informa- 
tion concerning 

Union  Pacific  and  its  branches,  message  from  the 
President,  in  answer  to  a  resolution  of  the  House, 
transmitting  a  report  of  the  Attorney-General 

upon  the  operation  of 

location  of  Southern  and  Texas  Pacific,  letter  from 
the  Secretary  of  War  concerning  the,  through 
Fort  Yuma  reservation  and  across  the  Colorado 

River 

Reappropriations  for  1875  and  prior  years,  letter  from  the  Sec- 
retary of  the  Treasury,  transmitting  estimates  of 

Receipts,  decrease  of,  from  internal  revenue,  letter  from  Com- 
missioner of  Internal  Revenue,  showing 

Receipts  and  expenditures,  an  account  of,  for  the  year  ending 
June  30, 1873 ... 


Volume. 


Part. 


14 


72 


18,19,20  |    89 


17 


96 


14  I    70 


17 


17 


10 


97 


98 


10 


10  i     17 


10 


20 


17       77 


10       32 


10 

33 

14 

46 

14 

50 

14 

35 

INDEX. 


XIII 


Subject. 


Volume. 


No.    Part. 


Receipts  and  expenditures,  an  account  of,  for  the  year  ending 

June  30,  1874 

Repairs  on  the  8peiden  building,  letter  from  the  Secretary  of 

War,  recommending  an  appropriation  for 

Repavement  of  Pennsylvania  avenue,  report  of  the  commis- 
sioners upon  the 

Reservoirs,  to  promote  the  navigation  of  the  Mississippi  River, 
letter  from  the  Secretary  of  War,  transmitting  information 

concerning  the  effect  of 

Revenue,  prevention  of  frauds  in  customs,  letter  from  the  Sec- 
retary of  the  Treasury,  transmitting  draught  of  a 

bill  to  prevent 

investigation  of  the  customs  service,  letter  from  the 
Secretary  of  the  Treasury,  transmitting  papers 

relative  to 

Roberts,  Marshall  O.,  report  of  the  Quartermaster-General,  rela- 
tive to  the  names,  ages,  &c,  of  the  steamships  purchased  of, 
and  owned  in  part  or  whole  by 

S. 

Saginaw  River,  proposed  bridge  over,  letter  from  the  Secre- 
tary of  War,  transmitting  report  relative  to 

Saint  Croix  River,  letter  from  the  Secretary  of  War,  trans- 
mitting report  upon .' 

Sale  of  United  States  bonds  for  outstanding  legal-tender  notes, 
letter  from  the  Secretary  of  the  Treasury,  in  response  to  reso- 
lution of  the  House  concerning 

Seamen,  certificates  of  citizenship  to,  during  year  ending  De- 
cember, 31,  1877,  letter  from  the  Secretary  of  State,  trans- 
mitting number  of 

Security  of  public  buildings  against  fire  in  the  city  of  Wash- 
ington, report  of  commission 

Signal  Officer,  annual  report  of  Chief  (vol.  4) 

Silver  bill,  veto  of,  message  from  the  President,  assigning  rea- 
sons for  withholding  his  signature  to  (H.  R.  1093) 

Sitting  Bull,   report  of  the  commission  appointed  to  visit 

(vol.1) 

Soldiers'  Home,  report  of  the  board  of  commissioners  (vol.  1).. 
South  Pass  of  the  Mississippi  River,  improvement  of,  report 

of  engineer  (vol.  1) 

letter  from  the  Secretary  of  War  on  above 

Southwest  Pass  of  the  Mississippi  River,  letter  from  the  Secre- 
tary of  War  on  the  improvement  of 

Southern  Pacific  Railroad,  location  of,  letter  from  the  Secretary 

of  War 

Speiden  building,  repairs  of 

State,  War,  and  Navy  Department  building,  report  of  engineers 

on  (vol,  1) 

State  Department,  expenditure  of  the,  letter  from  the  Secre- 
tary, transmitting  statement  of 

State,  Secretary  of,  transmits  statement  of  expenditures  in  his 

department 

transmits  abstract  of  returns  made  by  the 
collector  of  customs  of  the  number  of 
seamen  having  received  certificates  of 

citizenship  during  1877 

transmits  letter  from  the  Italian  minister, 
concerning  marks  of  respect  shown  the 
memory  of  Victor  Emanuel  I,  late  King 

of  Italy 

transmits  correspondence,  &c,  in  connec- 
tion with  the  commission  appointed  by 
the  President  to  visit  Louisiana  in  April, 

1877 

Steam-boiler  explosions,  report  of  commission 
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17 
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XIV 


INDEX. 


Subject. 


Steamer  Virginius,  message  from  the  President,  transmitting  a 
report  from  the  Secretary  of  State  in  reference  to  seizure  of 
the 

Suits  against  the  Kansas  Pacific  Railroad,  letter  from  the  Attor- 
ney-General of  the  United  States,  in  relation  to 

Surgeon-General,  annual  report  of  the,  for  the  year  endiug 
June  30,  1877  (vol.  1) 

Surgeon  at  West  Point,  New  York,  letter  from  the  Secretary 
of  War,  transmitting  teport  of 

Surveys,  geological  and  geographical,  letter  from  the  Secre- 
tary of  the  Interior,  transmitting  report  of  Professor  Hayden 
upon 

Surveys  of  lake-beds  in  Indiana  and  Illinois,  letter  from  the 
Secretary  of  the  Interior  in  reference  to 

Surveys  by  the  War  Department  for  the  last  ten  years,  letter 
from  the  Secretary  of  War  relating  to 

T. 

• 

Territories,  preliminary  report  of  the  field-work  of  the  U  nited 

States  Geological  and  Geographical  Survey  of  the  (vol  1)  . .. 

Texas,  letter  from  the  Secretary  of  War,  transmitting  report 

of  Colonel  Hatch  on  the  subject  of  £1  Paso  troubles 

in 

letter  from  the  Secretary  of  War,  transmitting  reports 
of  the  commission  appointed  to  investigate  the  £1 

Paso  troubles  in.. 

Texas  Pacific  and  Southern  Pacific  Railroad,  letter  from  the 
Secretary  of  War,  concerning  1be  location  of,  through  Fort 

Yuma  reservation  and  across  the  Colorado  River 

Texas,  site  for  a  military  pott  in,  letter  from  the  Secretary  of 

War,  relative  to  the  donation  of  lands  for , 

Thompson,  Mrs.  Elizabeth,  letter  from  the  President,  in- 
forming Congress  that  he  had  delivered  a  copy  of  a  joint 
resplution  of  Congress  accepting  a  painting  tendered  by  her 

to 

Treasurer  of  the  United  States,  annual  report  of,  for  year  end- 
ing June  30, 1877 

Treasury,  Secretary  of,  annual  report  of,  on  the  state  of  the 

finances 

Papers  accompanying  the  above  : 

Report  ot  the  Commissioner  of  Internal  Revenue , 

Report  of  the  Comptroller  of  the  Currency , 

Report  of  tho  Director  of  the  Mint 

Report  of  the  First  Comptroller 

Report  of  the  First  Auditor , 

Report  of  the  Treasurer  of  the  United  States 

Report  of  the  Superintendent  of  the  Coast  Survey 

Report  of  the  Commissioner  of  Customs , 

Report  of  the  Commissioner  of  Indian  Affairs 

Report  of  the  Register  of  the  Treasury , 

Treasury,  Secretary  of,  transmits  estimates  of  apppropriations 

for  fiscal  year  ending  June  30,  1879.. 

transmits  a  statement  in  reference  to 

the  interest  of    the  government  in 

the  Dismal  Swamp  Canal 

transmits  papers  relative  to  the  investi- 
gation of  the  customs  service 

trabsinits  report  of  the  sums  allowed  as 
compensation  to  officers  of  customs 
and  informers  for  fiscal  year  ending 

June  30,  1877 

transmits  estimates  of  appropriations 
for  payment  of  claims  due  prior  to 

July  1,  1875 

transmits  list  of  claims  allowed  under 
the  act  of  July  4,  1864 


Volume. 


Part. 


10 
10 

14 
11 
11 


13 

10 
10 

10 


33 
14 

47 
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11 
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11 
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11 
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11 
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11 
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11 
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11 
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11 
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25 

26 
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10       31 


INDEX. 


XV 


Subject. 


Treasury,  Secretary  of,  transmits  answer  to  resolution  of  the 

House,  with  statement  of  the  sums 
paid  for  interest,  in  coin  and  currency, 
upon  bonds  held  by  national  banks.. 

transmits  an  account  of  the  receipts 
and  expenditures  for  the  year  ending 
June  30, 1873 

transmits  a  copy  of  a  letter  from  the 
Commissioner  of  Customs,  relative  to 
the  compensation  of  inspectors  of 
customs 

transmits  an  account  of  the  receipts 
and  expenditures  for  the  year  ending 
June  30, 1874 

transmits  estimates  of  deficiencies  in 
appropriations  for  the  year  1878  and 
prior  years 

transmits  estimates  of  amounts  to  be 
reappropriated  for  the  year  1875,  and 
for  prior  years 

transmits  a  communication  from  the 
Commissioner  of  Internal  Revenue, 
showing  a  df crease  of  receipts  for 
the  current  fiscal  year 

transmits  report  of  the  Life-Saving 
Service,  relative  to  the  loss  of  the 
Steamer  Metropolis 

transmits  answer  to  a  resolution  of 
the  House  in  reference  to  the  sale  of 
United  States  bonds  for  outstanding 
legal-tender  notes 

transmits  a  statement  of  emoluments 
and  fees  of  customs  officers 

communicates,  in  response  to  the  reso- 
lution of  the  House  relative  to  the 
adoption  of  the  metrical  system,  and 
transmits  certain  reports  in  reference 
thereto 

communicates,  in  response  to  a  resolu- 
tion of  the  House,'  relative  to  duties 
on  foreign  imports 

transmits  draught  of  a  bill  to  prevent 
frauds  in  customs  revenues 

transmits  annual  report  of  the  Chief  of 
Bureau  of  Statistics 

U. 

Union  Pacific  Kail  road,  message  from  the  President,  transmit- 
ting, in  answer  to  a  resolution  of  the 
House,  a  report  of  the  Attorney-Gen- 
eral upon  the  operation  of  the 

report  of  the  government  directors  of 
the,  for  the  year  ending  June  30, 

1677,  (vol.  1) 

United  States  troops,  communication  from  the  Secretary  of 
War,  showing  the  distribution  of 

V. 

Venezuelan  Mixed  Claims  .Commission,  message  from  the  Pres- 
ident, in  answer  to  a  resolution  of  the  House,  transmitting 
the  recent  correspondence  between  the  Governments  of  Ven- 
ezuela and  the  United  States  in  relation  to  the 

Veto  of  the  silver  bill,  message  of  the  President,  with  his  rea- 
sons for  withholding  his  approval  of  the  silver  bill  (H.  H. 
1093) 


Volume. 

No. 

Part. 

14 

34 

15 

35 

14 

36 

14 

39 

14 
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10       30 


14  I    59 


XVI 


INDEX. 


Subject. 


Volume. 


Veto  of  the  bill  for  special  term  of  United  States  court  in  Mis- 
sissippi. Message  from  the  President,  assigning  his  reasons 
for  withholding  his  approval  of  said  bill  (H.  K.  3072) 

Virginius,  steamer,  message  from  the  President^  ransinitting, 
in  compliance  with  a  resolution  of  the  House,  a  report  from 
the  Secretary  of  State  in  reference  to  the  seizure  of 


W. 

War  Department,  surveys  by  the,  letter  from  the  Secretary  of 

War,  in  response  to  a  resolution  of  the 
House,  relating  to  surveys  conducted  by, 

for  the  last  ten  years 

list  of  clerks  in  the,  letter  from  the  Secre- 
tary of  War,  transmitting 

War  Department  building,  report  of  the  engineers  in  charge  of. 

War,  Secretary  of,  annual  report  of  ( vol.  1) 

Papers  accompanying  the  above : 

Report  of  the  General  or  the  Army 

Report  of  the  Judge- Advocate-General 

Report  of  the  Quartermaster-General 

Report  of  the  Commissary-General  of  Subsistence 

Report  of  the  Surgeon-General 

Report  of  the  Paymaster-General - 

Report  of  the  Board  of  Visitors  to  the  United  States  Mili- 
tary Academy 

Report  of  the  Board  of  Commissioners  of  the  Soldiers' 

Home 

Report  on  the  State,  War,  and  Navy  Department  buildings. 
Reports  upon  the  improvement  of  the  South  Pass  of  the 

Mississippi  River 

Report  concerning  Leavenworth  military  prison 

Report  cf  the  ireednien's  brauch  of  the  Adjutant- General's 

Office 

Report  of    the  Chief  of  Engineers  (volume  2,  parts   1 

and  2) 

Report  of  the  Chief  of  Ordnance  (volume  3) 

Report  of  the  Chief  Signal  Officer  (volume  4) 

War,  Secretary  of,  transmits  reports  of  chiefs  of  bureaus  upon 

the  adoption  of  the  metrical  system,  in  re- 
sponse to  a  resolntion  of  the  House 

transmits  report  of  the  Adjutant- General  in 

the  case  of  George  A.  Armes 

commnuicates  relative  to  the  donation  of 
laud   as  a  site  for    a   military  post  in 

Texas 

communicates,  recommending  an  appropri- 
ation to  repair  the  Speiden  building 

transmits  list  of  clerks  in  the  War  Depart- 
ment   

communicates,  recommending  an  amend- 
ment of  the  statutes  in  relation  to  commu- 
tation of  quarters,  fuel,  and  forage 

transmits  estimates  of  appropriations  for 
certain  deficiencies  in  the  appropriations 

for  the  Army 

communicates  relative  to  a  decision  of  the 
Supreme  Court  upon  the  matter  of  pay- 
ments to  land  grant  railroads 

communicates  relative  to  certain  military 

roads  in  Arizona 

transmits  report  of  Chief  of  Engineers  upon 
the  necessity  for  the  improvement  of 
the  Mississippi,  Missouri,  and  Arkansas 
Rivers 
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INDEX. 


XVII 


Subject. 


Volume. 


War,  Secretary  of,  communicates  concerning  a  decoration  con- 
ferred upon  Assistant  Surgeon  Wilson, 
United  States  Army,  by  the  Khedive  ot 
Egypt 

transmits  the  report  of  the  surgeon  at 
West  Point,  N.  Y 

communicates  concerning  the  location  of 
the  Southern  Pacific  and  Texas  Pacific 
Railroads  throngh  Fort  Yuma  reserva- 
tion and  across  the  Colorado  River 

communicates  relative  to  the  report  of  M. 
R.  Brown,  captain  of  engineers,  relative 
to  the  work  of  Mr.  Eads  at  South  Pass, 
Mississippi  River 

transmits  report  of  the  engineer  concerning 
the  best  method  of  protecting  the  harbor 
of  Cincinnati  from  ice 

communicates,  recommending  an  appropri- 
ation for  six  new  buildings  at  Fort  Mon- 
roe, Virginia 

transmits  report  of  the  engineer  on  the  ini- 

£rovement8  of  Sturgeon  Bay  and  Lake 
Uchigan  Ship  Caoaland  Harbor 

transmits  a  list  of  officers  who  received 
commutation,  fuel,  forage,  and  quarters 
in  certain  cities 

transmits  information  concerning  the  effect 
cf  reservoirs  upon  the  navigation  of  the 
Mississippi  River 

transmits  a  report  upon  the  improvement 
of  the  South  Pass  of  the  Mississippi  River. 

transmits  report  upon  Saint  Croix  River 

communicates,  showing  the  distribution  of 
United  States  troops 

transmits  report  of  engineer  upon  the  im- 
provement of  the  "Gut"  opposite  Bath, 

transmits  report  of  engineer  upon  bridging 
the  Saginaw  River,  at  East  Saginaw, 
Mich 

transmits  report  of  engineer  upon  the  ini- 

Srovement  of  Norfolk  Harbor,  Hampton 
tfver,  Pagan  Creek,  and  the  Chicka- 
homony  and  Black  water  Rivers,  in  Vir- 
ginia   

transmits  report  of  engineer  upon  the  ini- 

£rovement  of  the  Southwest  Pass  of  the 
[ississippi  River 

transmits  reports  on  lines  of  communication 
between  Colorado  and  New  Mexico 

communicates  in  relation  to  the  disappear- 
ance of  the  United  States  dredge-boat 
McAlister 

transmits  report  relative  to  the  improve- 
ment of  Flushing  Bay,  New  York 

communicates  concerning  the  abandonment 
of  certain  military  posts 

transmits  report  of  Colonel  Hatch  on  the 
subject  of  the  El  Paso  troubles 

transmits  testimony  and  papers  in  case  of 
Captain  F.  W.  Hurtt,  assistant  quarter- 
master  

transmits  communications  from  the  presi- 
dent of  the  Moline  Water  Power  Com- 
pany, of  Moline,  111.,  with  report  of  the 
Chief  of  Ordnance  thereon 
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INDEX. 


Subject. 

Volume. 
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88 

• 

91 

92 
93 

99 
101 

96 

28 

23 
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Parts. 

War,  Secretary  of,  communicates,  in  response  to  a  resolution 

of  the  House,  giving  information  concern- 
ing the  surveys  conducted  by  the  depart- 
ment in  the  last  ten  years......... 

17 
17 

17 
17 

17 
17 

17 

10 

10 

17 

8 

communicates,  in  response  to  a  resolution 
of  the  House,  concerning  the  protection 
of    the   residents  of   Western  Colorado 
a&rainst  the  Indians..... 

transmits  report  of  the  Quartermaster-Gen- 
eral relative  to  the  names,  ages,  &c,  of 
the  steamships  purchased  of  and  owned, 
in  part  or  whole,  by  Marshall  0.  Roberts, 
of  New  York 

transmits  report  of  commission  on  £1  Paso 
troubles  in  Texas 

transmits  a  list  of  persons  in  the  employ  of 
the  departments  who  have  rendered  serv- 
ice in  the  Army  or  Navy  of  the  United 
States  . 

transmits  report  of  survey  of  Connecticut 
River 

Weights  and  measures,  international  bureau  of,  message  from 
the  President,  transmitting  a  communication  from  the  Sec- 
retory of  State  in  relation  to  the  convention  for  re-estab- 

West  Point,  N.  Y.,  sanitary  report  of  surgeon  at,  transmitted 
bv  the  Secretary  of  War. 

Wilson,  W.  J.,  assistant  surgeon  United  States  Army,  letter 
from  the  Secretary  of  War,  concerning  a  decoration  conferred 

Y. 

Yellowstone  National  Park,  letter  from  the  Secretary  of  the 

Interior  in  regard  to  the  better 
protection  of,  from  injury 
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APPENDIX  X- 


ANNUAL  REPORT  OF  MAJOR  P.  U.  FARQUHAR,  CORPS 
OF  ENGINEERS,  FOR  TEE  FISCAL  YEAR  ENDING  JUNE 
30,  1877. 

(Letter  of  transmittal  under  Appendix  Q.) 


Xi. 

IMPROVEMENT  OF  DULUTH  HARBOR,  MINNESOTA. 

Three  hundred  and  ten  aud  a  half  cords  of  stone  were  placed  as  an 
enrockment  aloug  the  channel -face  of  the  north  pier,  where  it  had  been 
undermined  by  the  current.  Since  then  no  farther  settlement  has  been 
observed.  The  pier  was  not  repaired,  as  it  was  deemed  better  to  wait 
for  a  year  to  see  whether  any  further  settlement  would  take  place.  As 
it  was  in  September  before  the  work  could  commence,  there  was  no 
time  to  advertise  for  proposals  for  furnishing  stone,  so  that  it  was  pur- 
chased in  open  market  at  the  low  rate  of  $1.90  per  cord,  delivered  and 
put  in  place.  Of  the  amount  allotted  last  September  for  the  repairs  of 
the  north  pier,  there  remaius  $3,850,  which  it  is  proposed  to  hold  in 
reserve  for  that  purpose. 

Of  the  appropriation  made  by  act  approved  March  3,  1875,  which  is 
only  applicable  for  dredging  iu  the  inside  harbor,  there  remains  $3,868.34, 
with  which,  and  the  $9,000  available  from  the  appropriation  made  by 
act  approved  August  14,  1876,  it  is  proposed  to  continue  the  dredging 
in  the  inside  harbor,  and  in  dredging  a  channel  through  the  bar  formed 
on  the  north  side  and  opposite  to  the  cut  in  the  dike — this  latter  re- 
quiring about  3,300  cubic  yards  to  be  dredged.  Proposals  have  been 
received  and  a  contract  awarded  for  this  work  to  Messrs.  Williams  & 
Opham.  It  is  hoped  that  for  the  amount  available  about  60,000  cubic 
yards  can  be  dredged  from  the  inside  harbor  in  continuation  of  former 
dredging. 

The  original  estimate  for  dredging  over  the  inside  harbor  was  $269,- 
739.25.  There  has  been  appropriated  or  allotted  for  this  dredging 
$55,446.07,  leaving  $214,293.18  still  to  be  appropriated.  If  this  work  is 
to  be  continued,  I  think  that  at  least  $50,000  should  be  appropriated 
annually,  so  that  it  could  give  work  for  at  least  two  dredges. 

Dulath  is  in  the  collection-district  of  Dnlntb. 

The  total  amount  of  the  duties  collected  iu  the  dUtriet  of  Daluth  during  the  year 
vas  #565.7L 
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,  Money  statement. 

July  1, 1876,  amount  available $4,317  06 

Amount  appropriated  by  aot  approved  August  14,  1876 15,000  00 

July  1, 1877,  amount  expended  during  fiscal  year 2, 601  35 

July  1, 1877,  outstanding  liabilities .*..... 32  12 

2, 633  47 

July  1, 1877,  amount  available 16,683  59 

Amount  (estimated)  required  for  completion  of  existing  project 214, 293  18 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1879  50,000  00 


Abstract  of  appropriations  made  for  the  harbor  of  Duluth,  and  Iww  expended  or  to  be  expended 


Construction  of 
breakwater. 

Repairs  of  piers 

Dredging   in- 
side harbor. 

Total. 

Appropriation  approved  March  3,  1871. . . 

(60,000  00 
50,000  00 

■ 

$60,000  00 

Appropriation  approved  June  10, 187*2. .. 
Allotted   from   appropriation   approved 

50.000  00 

$32,723  50 
1,879  54 

13,335  61 

8, 120  46 

35,000  00 

9,000  00 

36.049  20 

March  3,1873. 
Appropriation  approved  June  33, 1874 .... 

10.000  00 

Appropriation  approved  March  3, 1875. .. 

35,000  00 

Appropriation  approved  An  gnat  14, 1876 

6,000  00 

15,000  00 

Totals 

110, 000  00 

40, 603  13 

55, 446  07 

206.  049  20 

Original  estimate  for  dredging  inside  harbor $269, 739  25 

Remaining  to  be  appropriated 214,293  18 


Abstract  of  proposals  for  dredging  the  inside  harbor  of  Duluth,  Minnesota,  opened  June  29, 
1877,  by  Major  F.  U,  Farquhar,  Corps  of  Engineers,  U.  S.  A. 


Name  and  residence  of  bidders. 


William  S.  Carkin,  Chicago,  111 

Williams  &  Upham,  Houghton,  Mich 

Lucian  Moses,  Skaneatelea,  N.  Y 

Chicago  Dredging  and  Dock  Company,  Chicago,  111 


For  dredging. 


22  cents  per  cubio  yard 
14|  cents  per  cubic  yard 
17  cents  per  cubic  yard 
19}  cents  per  oubic  yard 


Contract  awarded. 


Arrivals  of  vessels  at  and  departure  of  vessels,  from  the  port  of  Duluth,  Minnesota,  during 

the  year  1£76. 


ARRIVALS. 


American  vessels  from  American  porta. 

Foreign  vessels  from  foreigu  ports 

American  vessels  from  foreign  porta 


© 
0Q 


15 
29 


Total 


DEPARTURES. 


American  vessels  from  American  porta. 

Foreign  vessels  from  foreign  ports 

American  vessels  from  foreign  porta.... 


Total 


44 


15 
29 


44 


§ 


132 

98 
3 


233 


118 
78 
16 

212 


d 


28 
5 
2 


35 


28 
5 
2 

35 


116, 384 

50,481 

390 


167,255 


114,100 

50,280 

2,180 

166,560 


3,757 

2,736 

36 


6,529 


3,610 

2,737 

188 

6,535 
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Statement  of  freight  received  and  shipped  from  the  port  of  Duluth,  Minn.,during  the  year  1876. 

RECEIVED. 

Ponnds. 

Merchandise 20,739,136 

Salt 32,736  barrels  =      9,821,000 

Coal ... 46,950,000 

Total 77,510,136 

SHIPPED. 

Pounds. 

Merchandise 38,817,390 

Flour , 354,423  barrels  =    70,884,600 

Wheat 82,974,060 

Total 192,676,050 


\ 

X2. 

IMPROVEMENT  OP  NATURAL  ENTRANCE  TO  THE  BAY  OP  SUPERIOR. 

• 

The  inner  end  of  the  Minnesota  pier  was  repaired.  Careful  sound- 
ings in  the  entrance  were  made  which  showed  that  no  shoaling  had 
taken  place. 

The  winds  have  cut  down  Minnesota  Point  at  a  place  about  2  miles 
from  the  natural  entrance,  and  already,  during  the  prevalence  of  north- 
easterly storms,  the  waters  of  the  lake  have  broken  over  the  point  and 
run  into  the  bay.  It  is  proposed  to  protect  this  place  with  a  brush  and 
stone  protection,  at  a  cost  of  about  $1,000.  The  amount  of  work  is  so 
small  that  it  will  be  prosecuted  with  hired  labor. 

The  piers  are  in  fair  condition,  but  the  wood  superstructure  put  in 
place  in  1868  shows  in  some  places  signs  of  decay,  and  before  long  must 
be  renewed.  This  renewal  can  be  made  gradually.  After  the  above 
brush  protection  is  finished  there  will  be  about  $1,500  still  available  for 
repairs  and  contingencies.  I  would  recommend  that  an  appropriation 
of  $7,000  be  asked  for,  to  be  used  in  repairs  that  may  become  necessary 
from  damages  from  storms,  or  for  the  renewal  of  such  parts  of  the 
superstructure  as  may  be  decayed. 

At  present  there  is  no  commerce  at  this  port. 

Superior  City  is  in  the  collection-district  of  Mackinac. 

Money  statement 

July  1, 1876,  amount  available $89  46 

Amount  appropriated  by  aot  approved  August  14,  1876 3,  000  00 

3, 089  46 
July  1,  1877,  amount  expended  during  fiscal  year 589  46 

July  1,1877,  amount  available 2,500  00 

Amount  (estimated)  required  for  repairs  of  existing  works \ 7, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879. .    7, 000  00 
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Abstract  of  appropriations  made  for  the  improving  of  Superior  Harbor,  Wisconsin,  showing 

how  expended  or  to  be  expended. 


Appropriations. 


Construction 
and  repairs 
of  piers. 


By  act  approved  March  3, 1867 

Allotted  from  act  approved  April  10, 1869 

Allotted  from  act  approved  July  7. 1870 

Allotted  from  act  approved  March  3,  1871 

Allotted  from  act  approved  June  10,  1873 

Allotted  from  act  approved  March  3,  1873 

Allotted  from  appropriation  "repairs  of 'harbors  on  the  North- 
ern Lakes,"  expended  in  protecting  beach 

By  act  approved  August  14,1876 


$63,000  00 
45,000  00 
40,000  00 
60,000  00 
50,000  00 
41,322  64 

*5„433  00 
*3,\)00  00 


307,  755  64 


Dredging. 


122,698  16 


22,628  16 


TotaL 


163.000  00 
45.000  00 
40,000  00 
60.000  00 
50,000  00 
63,  M0  80 

5,433  00 

3,000  00 


330,383  80 


Original  estimate  for  construction  of  piers ./.  $309,716  00 

Original  estimate  for  dredging. 25,000  00 

Total 334,716  00 


Used  for  repairs  and  beach  protections,  and  not  included  in  original  estimates. 
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ANNUAL   REPORT   OF   MAJOR   HENRY  M.    ROBERT,  CORPS 
OF  ENGINEERS,   FOR  THE   FISCAL  YEAR   EJSD1NG  JUNE 

30,  1877. 

United  States  Engineer  Office, 

Milwaukee,  Wis.,  July  13,  1877. 

Sir:  Herewith  I  have  the  honor,  to  transmit  my  anuual  report  of 
operations  at  the  several  works  in  my  charge  during  the  fiscal  year  end-, 
ing  June  30,  1877. 

Very  respectfully,  your  obedienfservant, 

Henry  M.  Robert, 

Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  V.  8.  A. 


Y  i. 

ONTONAGON  HARBOR,  MICHIGAN. 

This  work  was  commenced  in  1867. 

The  estimated  cost  of  completing  the  improvement  (consisting  of  two  piers. 

each  about  2,500  feet  long,  and  dredging  between  them )  was $363, 770 

Appropriated  since '. 170, 600 

Leaving  still  to  be  appropriated 193, 170 

Amount  reqnired  for  the  fiscal  year  1678-79 30,000 

The  piers  which  have  been  built  comprise  about  1,300  feet  of  the 
2,500  originally  planned. 

The  operations  at  this  harbor  during  the  last  fiscal  year  have  com- 
prised the  completion  of  work  under  the  contract  of  June  1,  1875,  with 
Messrs.  Ames  &  Emery,  which  was  nearly  completed  when  the  last 
annual  report  was  rendered.  The  following  list  shows  in  detail  the 
amount  of  materials  received  from  thein  during  the  year  for  riprapping, 
filling,  leveling  up,  and  putting  on  one  course  of  superstructure  over 
cribs  13  to  17,  inclusive,  west  pier,  and  small  repairs  to  the  old  work. 

Superstructure  over  the  ten  cribs  suuk  iu  1875-'76  is  now  being  con- 
structed under  a  contract,  signed  June  18,  with  Hiram  J.  Lutes,  of  On- 
tonagon, Mich.  This  work,  it  is  expected,  will  be  finished  about  October  1. 

The  recommendations  heretofore  made  with  regard  to  the  prosecutiou 
of  this  work  with  liberal  appropriations  are  renewed.  The  importance 
of  the  harbor  consists  in  its  position  and  availability  as  a  harbor  of  ref- 
uge, the  only  one  on  a  course  of  some  85  miles  which  can  be  entered 
during  severe  storms. 

With  the  sum  asked  for  1878-79  the  piers  will  be  extended  by  crib- 
work. 
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List  of  materials  used  under  contract  with  Ames  <f  Emery,  dated  June  1,  1875,  from  July  1, 

1876,  to  the  close  of  that  working  season. 


Articles., 


Pine  timber,  framed cubic  feet. 

Drift- bolt* pounds 

Screw-bolta do... 

Stone \ : cords. 

Brush do... 


Total 


Quantities. 


1,158 
1,718.86 
36.60 
107.965 
5.35 


Price. 


10  34 

6 

10  00 

3  50 


Amount. 


1277  93 

77  35 

2  20 

1,079  65 

18  37 


1.455  49 


Tbis  material  was  used  as  follows : 

Riprap  on  west  side  of  oribs  1,  2,  3,  east,  pier $159  55 

Riprap  on  east  side  of  crib  7,  west  pier ♦. 85  43 

Riprap  to  pile  revetment,  west  pier 20  00 

Superstructure  of  piling,  west  pier • 5  23 

Superstructure  on  oribs  13  to  17,  west  pier 1, 185  23 

Total 1,455  49 

Note. — The  10  oribs  constructed  by  Ames  &  Emery  (507  X20'  X  13$',  with  one  course 
of  superstructure)  cost  $2,026.77  each,  or  $40.53$  per  linear  foot. 

COMMERCIAL  STATISTICS. 

Name  of  harbor,  Ontonagon,  Mich.;  collection-district,  Superior ;  nearest  light-house, 
Ontonagon,  Mich. 

Arrivals  and  departures  of  vessels  for  year  ending  December  31, 1876. 


Arrivals. 

Departures. 

No. 

Tonnage. 

Crews. 

• 
No. 

Tonnage,  j  Crews. 

• 

Steamers 

363 
14 

108,602 
2,314 

3,799 
75 

865 
16 

108,641 
3,353 

3,605 

Sailing-vessels 

79 

Total 

277 

110, 916 

3,874 

381 

110,994 

3,884 

Exports  for  year  ending  December  31, 1876. 


Lumber. 
Shingles. 


feet,  board-measure. 
number. 


Fish packages. 

Copper ...... ...... ......  tons . 

General  merchandise tons . 

Hay tons. 


1,920,000 

525,000 

90 

535 

382 

28 


Imports  for  year  ending  December  31,  1876. 


Lumber. 
Oats.... 


feet,  board  measure. 
bushels. 


Corn ..bushels. 

Malt bushels. 

Whisky barrels. 

Sugar barrels. 

Lime -  - --•-  barrels . 

Pork barrels. 

Flour barrels. 

Stone cords. 

General  merchandise tons. 

*  Does  not  inolude  lumber  or  stone  used  on  the  Government  work. 


*26,182 

11,824 

2,954 

400 

54 

369 

356 

269 

3,381 

*162 

1,055 
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• 

The  above  information  was  obtained  from  M.  A.  Powers,  deputy  col- 
lector of  customs,  and  Richard  Stillman  &  Co.,  James  Mercer,  and  John 
6.  Parker,  owners  or  agents  in  charge  of  all  the  docks  in  this  harbor. 

Money  8tatemmt 

July  1, 1876,  tmont  amiable $4,793  74 

Aanwit  appropriated  by  act  approved  August  14, 1876 15,000  00 

19,793  74 
July  1,  1877,  amount  expended  during'fiscal year 4,845  39 

July  1,  1877,  amount  available 14,948  35 

Amount  (estimated)  required  for  completion  of  existing  project 193, 170  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.    30»  000  00 
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Y    2. 

EAGLE  HAKBOR,  MICHIGAN. 

The  amour*  expended  on  this  harbor  previous  to  1874  was $41, 791  72 

Estimate  of  1874  for  additional  amount 231,570  64 

Total  estimate  for  present  plan 273, 362  36 

Amount  appropriated 87,000  00 

Leaving  to  be  appropriated 186,362  36 

Amount  required  for  fiscal  year  1878-79,  which  will  place  the  harbor  in 
as  good  condition  as  indicated  in  my  modified  plan  of  April  16,  1877, 
(see  below) * $10,000  00 

(For  the  history  of  previous  plans,  &c,  see  Report  of  Chief  of  Engineers  for  1874, 
page  135.) 

The  work  done  during  the  past  fiscal  year  was  in  continuation  of  the 
blasting  and  drilling,  which  was  again  reuewed  on  May  24,  1877,  aud 
is  now  very  nearly  completed.  A  steam  dredging  equipment  was  em- 
ployed by  agreement  with  Messrs.  Williams  &  Upham,  of  L'Anse,  Mich., 
which  is  now  at  work  removing  the  blasted  rock  from  the  bed  of  the 
chauuel.     This  is  expected  to  be  completed  duriug  the  present  season. 

After  this  is  done,  in  my  opinion,  no  further  work  is  required  at 
this  harbor  except  the  building  of  a  guidiug-crib  on  each  side  of  the 
cut,  say  160  linear  feet  in  all,  costing  about  $10,000,  which  amount 
I  would  recommend  to  be  appropriated  for  next  season's  work.  This 
would  enable  vessels  to  use  the  cut  with  safety,  and  would  improve  the 
harbor  as  much  as  its  importance  justifies. 

The  work  has,  as  before,  been  in  immediate  charge  of  my  assistant, 
Mr.  L..Y.  Schermerhorn,  to  whose  reports  below  I  would  refer  for  the 
details  of  the  operations. 

Money  statement 

July  1,  1876,  amount  available $9,933  99 

Amount  appropriated  by  act  approved  August  14,  1876 12, 000  00 

21,933  99 
July  1,  1877,  amount  expended  during  fiscal  year 8, 345  22 

July  1, 1677,  amount  available 13,568  77 


Amount 
Amount 


(estimated)  required  for  completion  of  existing  project 186,362  36 

that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.       10, 000  00 


REPORTS  OF  MR.   L.   Y.  SCHERMERHORN,  ASSISTANT  ENGINEER. 

1. 

December  22,  1876. 

Sir  :  I  have  the  honor  of  submittiug  the  following  report  on  the  operations  at  Eagle 
Harbor,  Mich.,  during  the  past  year. 

The  expectation  of  being  able  to  renew  drilling  and  blasting  after  the  establishment 
of  the  winter  of  1875  and  1876  was  not  realized  ;  this  was  due  to  the  unstable  condi- 
tion of  the  ice  until  January  15,  1876,  followed  by  the  closing  of  the  harbor  aud  the 
piling  up  and  filling  in  of  the  ice  over  the  entire  eh  trance  from  the  lake-bottom  to  a 
neigbt  of  from  10  to  15  fret  above  the  surface.  This  condition  of  the  ice  remained  all 
winter,  rendering  work  impossible.  During  the  month  of  February  a  detailed  survey 
was  made  of  the  ranges  and  soundings  taken  over  the  area  of  the  proposed  improve- 
ment. These  soundings  establish  the  location  of  the  work  to  give  the  required  width 
and  depth  of  water-way,  with  the  minimum  removal  of  rock,  the  amount  being  2,636 
cnbic  yards. 


846         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

The  work  preparatory  to  drilling  and  blasting  was  resumed  May  20,  aud  drilling 
and  blasting  began  Juue  6. 

The  experience  gained  daring  the  season  of  1875  led  to  but  few  changes  in  the  de- 
tails of  the  work,  the  general  plan  being  the  same  as  in  the  previous  year. 

The  charging  and  explosion  of  the  holes  followed  close  upon  the  drilling  }  the  depth 
and  diameter  of  holes  were  increased,  also  the  average  distance  between  holes;  this 
demanded  heavier  charging,  aud  was  followed  by  better  general  results  than  those  ob- 
tained last  year. 

The  increased  depth  of  the  drill-holes  carried  them  fron  3  to  4  feet  below  proposed 
bottom.  The  filliug  up  of  drill-holes  with  the  gravel  and  bowlders  which  cover  the 
surface  of  the  rock  was  a  serious  hiuderance  in  the  first  season's  work,  but  was  almost 
entirely  overcome  by  the  use  of  the  arrangement  used;  and,  since  this  difficulty  was  par- 
amount to  all  others,  a  description  of  the  method  used  to  overcome  it  may  be  desirable. 
A  cast-iron  plate,  weighing  about  125  pounds,  carried  a  pipe  4  inches  exterior  diameter 
and  about  4  feet  in  leugth ;  this  passed  through  a  hole  in  the  center  of  the  casting  slightly 
larger  than  the  pipe,  which  was  prevented  from  withdrawing  through  the  casting  by 
an  enlargement  of  its  lower  end ;  a  considerable  adjustment  was  permitted  between 
the  position  of  the  casting,  when  on  the  bottom,  and  the  pip  ^.  The  casting  aud  pipe 
was  moved  and  bandied  by  ropes  attached  thereto,  and  carried  up  to  the  drilling-plat- 
form. 

In  starting  a  hole,  the  pipe  and  casting  were  slightly  raised  from  the  bottom,  and 
the  drill-steel  passed  through  the  pipe  and  attaohed  to  the  drill ;  when  the  steel  was 
in  position,  the  casting  and  pipe  were  lowered  to  the  bottom.  The  early  blows  of  the 
steel  knocking  aside  the  gravel  and  bowlders  allowed  the  casting  to  assume  a  stable 
position  on  the  bottom,  the  ropes  being  left  quite  slack  ;  the  entrance  of  the  drill-  teel 
into  the  rock  was  followed  for  a  short  distance  by  the  pipe,  thereby  shutting  out  the 
entrance  of  the  drift  to  the  hole;  after  the  second  drill-steel  was  inserted,  being  of 
smaller  diameter  than  the  first,  a  second  pipe,  3  inches  in  diameter  and  about  4  feet 
in  length,  was  dropped  over  the  drill-steel,  passing  inside  the  pipe  attached  to  the 
casting  and  entering  the  hole  to  about  the  depth  attained  by  the  first  steel.  Upon  the 
completion  of  the  hole,  the  casting  and  attached  pipe  were  lifted  by  the  ropes  atta  rhed 
thereto,  leaving  the  3-inch  pipe  inserted  in.  the  hole;  there  it  remained  until  the  holes 
were  charged,  and  only  withdrawn  just  previ  >us  to  insertion  of  the  explo.ler  into  the 
hole.  This  arraugement  of  drill-pipes  had  been  previously  used  by  Assistant  E.  P. 
North,  at  Ahnapee,  Lake  Michigan. 

Upon  July  25,  the  drilling  and  blasting  having  been  completed  over  the  west  half  of 
the  work,  it  became  necessary  ro  next  take  up  the  area  covered  by  the  present  U6ed 
channel,  and  pass  vessels  in  over  the  area  just  completed  ;  previous  to  doing  so  it  was 
necessary  to  remove  such  of  the  blasted  rock  as  gave  a  lesi  depth  than  12  leet.  This 
was  done  through  the  aid  of  tha  diver,  and  after  the  removal  of  40  cubic  yards  a  care- 
ful examination  showed  that  the  width  of  65  foet  gave  a  minimum  depth  of  12  feet. 

The  targ  t-ranges  were  changed  to  correspond  with  the  new  temporary  entrance. 
On  the  8th  of  August,  and  during  the  remainder  of  the  seasorii,  the  commerce  i»f  the 
port  entered  thereby. 

Vessel  owners  and  captains  were  previously  advised  of  the  intended  change  both  by 
advertisement   and   personal  interview;  and  although  vessels  were  obliged  to  pass 
,  within  10  feet  of  the  drilling-platform,  yet  no  accident  or  inconvenience  either  to  the 
work  or  passing  vessel -•  occurred  during  the  season. 

DETAILS  OF  THE  WORK  FOR  SEASON  OF  1876. 

Number  of  holes  drilled 309 

Aggregate  depth  drilled,  feet 1,945 

Average  depth  per  hole,  feet 6.  3 

Number  of  holes  charged  and  fired 275 

Aggregate  amount  of  No.  1  dynamic  nsed,  pounds 775 

Aggregate  amount  of  No.  2  dynamite  used,  pounds 3,260 

Average  amount  of  No.  1  per  hole,  pounds 2.  8 

Average  amount  of  No.  2  per  hole,  pounds 11.9 

Number  of  drills  shar » ened 132 

Depth  drilled  per  drill  sharpened,  feet 14.7 

Aggregate  amount  of  steel  used,  pounds 40 

Aggregate  amount  of  steel  used  per  foot  drilled,  pounds 002 

Aggregate  number  of  hours  drilling 727 

Average  amount  drilled  per  hour,  feet * 2.  67 

Aggregate  area  worked  over,  square  feet 16, 600 

Avrrage  area  covered  per  hole  exploded,  square  feet 60.4 

Average  distance  between  holes,  feet 7. 7 

Diameter  of  drill-holes,  inches 4  to  2f 
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The  following  shows  the  cost  of  the  principal  subdivisions  of  the  work,  viz,  drilling 
and  blasting : 

DRILLING. 

Drilling,  labor $629  96 

Sharpening  drills,  labor , 18  84 

Blacksmiths'  coal,  2  tons,  at  $10 20  00 

Fnel,  46  cords  wood,  at  $3.50 161  00 

Construction  and  maintenance  platform,  labor 333  83 

Aggregate  cost 1,163  63 

Cost  per  linear  foot  drilled $0  59 

Cost  per  hole  6.3  feet  in  depth 3  62 

BLASTING. 

Blasting,  labor $329  86 

Fuel,  24  cords  wood,  at  $3.50 84  00 

Dynamite  No.  I,  775  pounds,  at  90  cents 1 697  50 

Dynamite  No.  2,  3,260  pounds,  at  45  cents  1,467  00 

Exploders,  500,  at  30  cents 150  00 

Aggregate  cost 2,723  36 

Cost  of  charging  and  firing,  per  hole 1 $9  92 

Cost  of  drilling,  per  hole 3  62 

Aggregate  cost  per  hole  drilled,  charged,  and  fired 13  54 

Since  the  object  of  the  work  in  hand  may  be  summed  np  under  the  heads  of  drilling 
and  biasing,  and  since  all  collateral  work  is  but  part  thereof,  the  foregoing  statements 
of  cost  do  not  give  the  entire  cost  of  such  drilling  and  blasting,  but  only  the  portion 
which  immediately  and  most  directly  applies. 

At  the  completion  of  the  work  such  statements  can  be  easily  compiled  from  the  de- 
tailed accounts  which'  are  kept  of  the  sever  il  items.  The  organization,  application, 
and  pay  of  the  labor  force  has  been  as  follows: 


No 


Designation. 


Application. 


1 
1 
1 
1 
S 
4 
1 


Overseer !  Detailed  supervision  force  .. 

Diver  .,  Diver 

Machinist    |  Charge  of  engine  and  boiler 

First-claa*  laborer Diver's  attendant 

Second-class  laborer !  Drill -runners 

Third  clatts  laborer ,  Drill-helpers  and  jobbers . . . 

Fonrth-class  laborer Cleaning  holes  and  errands 


Pay. 


$1*20  per  month. 
49  cents  per  hour. 
27  cents  per  hour. 
23  cents  per  hour. 
80  cents  per  bonr. 
174  cents  per  hour. 
15  cents  per  hour. 


The  general  plan  for  the  improvement  of  Eagle  Harbor  seems  to  have  always  con- 
templated, besides  the  removal  of  the  rock  obstructing  the  entrance  to  a  depth  of  14 
feet,  the  construction  of  breakwaters  inclosing  the  harbor.  This  latter  part  of  the 
general  plan  assumes  either  the  possibility  of  utilizing  the  harbor  for  refuge,  or  the 
necessity  of  protection  to  shipping  while  in  the  harbor.  A  careful  study  of  these 
points  has  led  me  to  conclude  that  neither  of  the  above  assumptions  is  justified  by 
the  facts  in  the  case.  In  my  report  of  last  year  the  requirements  of  the  lake  commerce, 
and  the  possibility  of  adapting  the  port  of  Eagle  Harbor  to  such  requirements,  were 
considered  with  some  detail. 

The  observations  of  the  past  year  have  strengthened  my  previous  conclusions,  and 
it  may  be  permissible  to  briefly  review  the  question. 

About  1,000  feet  outside  of  the  proposed  eu trance  is  a  dangerous  reef  covered  with 
from  4  to  12  feet  of  water;  the  line  of  approach  ca  ries  vessels  withiu  200  feet  of  the 
westerly  end  of  this  reef,  upon  which,  in  a  gale,  the  waves  break  heavily,  produc- 
ing a  broken  and  dangerous  sea,  not  only  at  this  point,  but  over  the  space  intervening 
between  this  reef  and  the  entrance  to  the  harbor.  A  still  heavier  and  more  dangerous 
sea  breaks  on  the  reef  at  the  entrance  ;  this  added  to  the  fact  that  a  belt  of  dangerous 
water,  from  one-half  to  threv-fourths  of  a  mile  in  width,  extends  for  a  long  distance 
on  each  side  of  the  entrance,  making  it  impossible  for  vessels  to  approach  the  harbor 
with  safety  daring  a  storm. 

The  lake  propellers  steer  heavily,  and  cannot  be  handled  quickly  and  surely  in 
restricted  eu  trances,  and  here  a  slight  drifting  from  the  direct  line  of  approach  would 
carry  a  vessel  to  destruction.  Such  dangers  incident  to  approach  and  entrance  seem 
to  preclude  the  utilization  of  the  harbor  for  purposes  of  refuge  when  most  needed,  viz, 
daring  a  gale. 
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The  only  remaining  reason  which  would  demand  breakwaters  inclosing  the  harbor 
would  be  the  protection  of  vessels  from  the  effects  of  a  storm  arisiug  while  lying  at  the 
dock  discharging  or  receiving  cargoes ;  an  emergency  which  has  arisen  three  times 
dnring  the  past  two  years.  In  these  cases  the  vessels  were  able  to  safely  ride  out  the 
storm  by  means  of  lines  attached  to  the  dock-piles,  and  in  each  case  without  serious 
danger  or  injury. 

The  amount  of  freight  handled  at  this  port  in  any  one  cargo  is  comparatively  small, 
and  hence  delaying  vessels  at  the  dock  for  short  intervals.  In  rough  or  dangerous 
weather  vessels  do  not,  nor  will  not,  under  any  circumstances,  approach  the  part.,  and 
in  line  weather  the  time  spent  at  dock,  except  in  rare  cases,  is  not  long  enough  to  allow 
a  change  from  fair  to  foul  weather.  I  am  unable  to  learn  of  a  single  loss  to  vessels 
lying  at  the  dock  during  a  gale. 

In  view  of  the  foregoing  reasons  the  present  needs  of  commerce  do  not  seem  to 
justify  the  constructions  to  the  extent  suggested  in  previous  plans. 

With  such  convictions  I  would  most  respectfully  submit  essentially  the  same  plan 
as  embodied  in  my  previous  report,  t.  <*.,  th»  removal  of  the  rock  to  a  depth  aud  for  a 
width  as  hitherto  proposed,  and  the  construction  of  guiding  cribs  on  each  side  of  the 
entrance  and  parallel  to  the  line  of  entrance.  Such  cribs,  besides  defining  clearly  the 
entrance,  would  guard  vessels  from  drifting  or  being  carried  ou  to  the  dangerous  parts 
of  the  reef  ou  each  side  of  the  entrance.  These  cribs  mi*ht  have  the  following  general 
dimensions :  West  cribs,  90  feet  iu  length ;  east  cribs,  40  feet  in  length ;  width,  20  feet; 
average  height,  17  feet. 

This  would  give  the  cribs  a  height  of  6  feet  above  the  general  summer  level  of  the 
past  two  years. 

The  general  plan  of  work  for  1877  might  then  be  summarized  as  follows:  The  com- 
pletion of  drilling  and  blasting;  the  removal  of  the  rock  by  a  steam  dredge;  the  con- 
struction of  the  guiding-cribs.  The  progressive  drilling  aud  blasting  yet  to  be  done 
will  require  one  mouth's  work;  the  dredging  may  reqnire  two  months'  work;  and  as 
it  is  highly  probable  that,  as  the  dredging  progresses,  some  auxiliary  drilling  and  blast- 
ing will  be  utcessary,  it  will  be  safe  to  assume  that  the  drilling  and  blasting  yet  to  be 
done  will  cover  two  months,  and  requiring  during  this  time  the  full  force  necessary 
for  continuous  work. 

Should  it  be  deemed  expedient  to  undertake  the  construction  of  the  cribs,  it  could 
be  carried  ou  very  advantageously  in  the  same  general  time  as  the  foregoing,  thereby 
enabling  a  more  complete  utilization  of  spare  time  from  the  drilling  force,  and  such 
amounts  of  rock  as  might  be  judiciously  applied  from  the  excavatiou  by  the  dredge. 

Should  more  rock  be  required  than  would  be  economically  afforded  by  the  dredge, 
(and  such  would  be  the  case,)  the  general  plant  aud  force  ou  hand  could  be  relied  on 
to  furnish  rock  in  such  quantities  and  at  such  times  as  should  be  required.  I  would, 
therefore,  submit  the  plan  for  the  contemporaneous  removal  of  the  rock  and  the  con- 
struction of  the  cribs  by  day's  labor. 

Timber  could  be  purchased  iu  open  market  at  Houghton  aud  delivered  at  Eagle 
Harbor  at  very  advantageous  prices  to  the  Government. 

It  would  also  be  more  satisfactory  to  have  the  dredging  done  by  the  day  instead  of 
by  the  cubic  yard,  since  no  contract  could  be  entered  into  without  the  Government 
paying  unduly  for  the  element  of  uncertainty  as  to  the  exact  condition  of  the  blasted 
rock,  an  element  which  would  enter  largely  into  any  estimate  made  by  a  contractor. 
A  contract,  such  as  mentioned  in  my  previous  report,  cquld  be  made,  but  on  a  cheaper 
basis,  viz,  fully  manned  and  equipped  dredge,  tug-boat,  and  ston-j  scows  at  the  price  of 
$135  per  day  for  the  first  30  days,  aud  $125  per  day  for  each  day  thereafter  when  at 
work,  and  $50  per  day  for  each  day  when  not  at  work  from  causes  not  th«ir  own ;  all 
time  to  be  considered  as  lost  when  dredge  is  unable  to  work  through  accident  thereto, 
or  from  necessary  repairs;  the  day  to  be  counted  as  ten  hours. 

On  the  foregoing  basis  the  following  estimate  is  made  for  the  cost  of  completing  the 
work: 

2  months'  labor,  drilling  and  blasting,  at  $700 $1,400  00 

400  pounds  No.  1  dynamite,  at  90  cents , 360  00 

800  pounds  No.  2  dynamite,  at  45  cents 360  00 

60  days' dredging,  at  $130 ' 7,800  00 

130  linear  feet  cribbiug,  17  X  20  feet,  at  $42 5,460  00 

Superintendence  aud  contingencies 1,620  00 

17, 000  00 

The  light-house  reservation  could  furnish  all  extra  rock  for  filling  aud  at  a  distance 
of  less  than  one-half  mile  from  the  work. 

It  would  be  of  the  first  importance  to  utilize  the  uniformly  calm  and  reliable  seasou 
which  occurs  during  the  mouths  of  June  and  July,  and  any  plan  for  the  season  of  1677 
should  recognize  the  value  of  full  preparation  and  an  early  starting  of  the  work. 
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ESTIMATE  FOR  GUIDIXG-URIBS. 

Feet. 

Average  depth  of  water  referred  to  low  water,  1868 9.0 

Average  depth  of  water  referred  to  past  two  seasons 11.  0 

Height  of  cribs  above  average  summer  level (5. 0 

Total  height  of  cribs 17.  0 

Width  of  cribs 20.0 

Total  length,  (west  side  90  feet,  east  side  40  feet) 130.  0 

Bill  of  materials: 

10,40(1  cubic  feet  timber,  at  24  cents $2,496  00 

10,SOO  pounds  iron,  at  4^  cents 486  00 

240  cords  tilling,  at  $10 %400  00 

*^=$41.40  per  linear  foot.  5'382  00 

130'  l 

The  cribs  are  intended  to  be  placed  so  that  their  ends  stand  in  10  fret  of  water,  (re- 
ferred to  1868,)  or  12  feet,  as  the  summer  level  has  been  during  the  past  two  seasons. 
1  tbiuk  it  is  safe  to  assume  that  low  water  of  l£68  is  2'.0  below  the  stage  during  uavi- 
gation. 

Altogether  the  past  season  has  been  very  favorable  for  the  progress  of  the  work,  the 
drilling  and  blasting  would  bave  been  completed  by  the  end  of  tiie  season,  but  for  the 
unexpected  loss  of  time  incurred  by  the  removal  of  rock  from  the  temporary  entrance. 

The  lake  surface  has  been  continuously  about  0'.8  higher  than  it  was  last  year  ;  the 
maximum  was  reached  the  last  of  August,  when  it  stood  3  feet  above  the  low- water 
mark  of  1868. 

During  the  winter  of  1875-76,  shortly  after  the  closing  of  the  harbor,  the  north- 
erly winds  drove  in  and  piled  the  ice  npon,  the  inner  reef  to  a  height  of  from  10  to  15 
feet  above  the  lake  surface,  presenting  a  continuous  ice-barrier  from  shore  to  shore, 
and  completely  inclosing  the  harbor,  lu  the  spring  -this  was  broken  up  by  heavy 
storms,  and  moved  away  in  the  form  of  icebergs.  This  ice  formation  rests,  over  very 
considerable  areas,  upon  the  lake  bottom,  and  during  the  dissolution  in  the  spring 
large  quantities  of  gravel  and  bowlders  which  were  embedded  in  the  base  are  trans- 
ported from  place  to  place:  this,  added  to  the  disturbing  action  of  heavy  northerly 
gales,  will  probably  have  the  effect  in  time  of  partially  tilling  up  the  deepeued  en- 
trance. 

The  boats,  tools,  machinery,  and  supplies  are  in  good  condition,  and  hardly  any  ex- 
penditure will  be  necessary  »n  this  direction  for  carrying  on  the  work  of  1877. 

I  desire  to  recognize  tue  efficient  services  reitdrivd  by  Overseer  J.  F.  Hustou  during 
the  past  two  seasons ;  and  to  his  energy,  ingenuity,  and  interest,  the  progress  of  the 
work  is  in  a  large  degree  due. 

The  following  commercial  statistics  have  been  carefully  compiled  from  the  ware- 
house accounts,  consignors'  and  consignees'  books,  and  from  office  memoranda,  under 
my  personal  supervision : 

COMMERCIAL  STATISTICS. 

Exports  for  years  ending  December  31,  1875  and  1876. 


Articles. 


Beer barrel*. 

Coal pounds. 

Capper do... 

Flour , barrels. 

Feed pounds. 

Fi«h barrels. 

Furniture pounds. 

Face do... 

Hides do... 

Household  goods do... 

Hardware do... 

Iron do... 

Machinery ^o... 

lfti*cellaneous do . . . 

Oat* do... 

Oil barrels. 

Provisions pou  nds . 

Potaah do... 

Silver do... 

Tallow do... 


Total 


1875. 


Amonnt. 


6-2 

10,  eoo 

5, 204, 342 

m 

9,000 
65 


20,450 
16,000 


39,200 
12,500 
29,800 
16,500 
3 
20,  300 


Value. 


$620  00 

.132  00 

1,092,911  00 

700  00 

180  03 

520  00 


2, 050  00 
1,000  00 


1,  440  00 
1,  800  00 
6,  000  00 
3R8  00 
60  00 
2,000  00 


i,  109,  oei  co 


1876. 


Amount. 


4,119,333 


Value. 


$906, 2.  3  00 


67 

n<;o  00 

4.200 

1,  000  00 

2,300 

H00  00 

39,000 

4,  000  00 

35.500 

2,  000-00 

24,  HM) 

2,  400  80 

10,000 

500  00 

19,500 

2.500  00 

130,  61 0 

10, 000  00 

23,000  ' 
335 
3.700 


1, 0<K>  00 

5,000  00 

:t00  00 


936, 393  00 


54  E 
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Imports  for  years  ending  December  1, 1875  and  1876. 


1875. 


Articles. 


A  pples barrels . 

Bricks number. 

Corn pounds . 

Cattle number. 

Coal pounds. 

Dry  goo<)8 do. . . 

.Feed . do . . . 


Flour barrels. . 

G  roceries pounds. . 

Hay do . . . 

Hogs number.. 

Hardware pounds . . 

Horses number.. 

Iron pounds.. 

Lumber feet.. 

Leat  her nou  uds . . 

Lime  and  cement barrels.. 

Laths number.. 

Machinery pounds.. 

Miscellaneous do 

Malt do  ... 

Oil barrels . . 

Oats pounds.. 

Provisions do... 

Potatoes. do... 

Powder Mo 

Salt barrels. . 

Shingles : number. 

Sheep do  .. 

Whisky . « bairels.. 

Wine  and  beer do . . . 


Total 


Amount. 


68,000 

446, 9r0 

363 

829,066 

27, 196 

74f ,  *93 

2,  624 

854,360 

564,846 

338 

97,189 

4 

179,296 

117,(i00 

6,750 

1,415 


371, 675 
139,  938 


210 

651,  543 

404, 141 

208, 148 

40,  500 

124 
396, 000 

201 
94 

142 


Value. 


1876. 


$868  00 

8,  940  00 

18,  150  00 

8, *0  00 

30, 000  00 

14, 9e0  00 

21,  000  00 

85, 000  00 

7,  000  00 

6, 700  <;0 

11,  500  00 

600  00 

17, 900  00 

1.  400  00 
2, 700  00 

2,  830  00 


48.500  00 
25.000  00 


4, 200  no 

13,  030  00 

40, 500  00 

2,  070  00 

13, 250  00 

496  00 

1, 584  00 

2,  050  00 

9,000  00 

1,704  00 


Amount. 


399, 252  00 


962 

27,000 

325, 946 

225 

471,251 

62,  096 

383,611 

3,444 

525,195 

196, 795 

235 

153, 103 

20 

109,  537 

191,  025 

5, 309 

h35 

13,  000 

94.611 

250, 1*3 

48,606 

189 

795,  958 

218,  933 

95, 527 

14,000 

171 

324, 750 

210 

80 

205 


Value. 


$2,886  00 
251  00 

6, 520  00 
11. 250  00 

4,700  00 
60,000  00 

7,  670  00 
27,  550  00 
48.000  00 

2,000  00 

5,  100  00 
17.  360  00 

3,000  00 
11,000  00 

2,400  00 

2,  121  00 

2,  100  00 
130  00 

15,  (00  00 

45. 000  00 

4,500  00 

3,  800  00 
15, 920  CO 
22,000  00 

1.  420  00 
4, 200  00 

684  CHi 
1, 720  00 
2,100  00 
8,000  (0 

2,  4G0  00 


340, 841  00 


Aggregate  tonnage,  export* 
Aggregate  tonnage,  imports 

Total 


2,727 
3,776 


6,503 


Value. 

1876. 

• 
|1, 109, 081  00 
399, 252  00 

2,217 
3,200 

1, 508, 333  00 

5,417 

Value. 


$936,  393  00 
340,  841  00 

1,277,214  00 


Statistics  of  vessels  entering  the  harbor  during  the  season  of  1875  and  1876. 
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First  vessel  arrived  in  port  May  14. 
First  vessel  left  port  November  27. 
Length  of  navigable  season  198  days. 

Very  respectfully,  your  obedient  servant, 

Maj.  Henry  M.  Robert, 

Corps  of  Engineers,  U.  S.  J* 


L.  Y.   SCHERMKRHORN, 

Assistant  Engineer. 
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2. 

Eagle  Harbor,  Lake  Superior, 

June  30,  1877. 

Sir:  I  bave  the  hoDor  to  report  tbe  fo  lowing  summary  of  work  daring  the  season 
of  1877  np  to  Jane  30: 

Number  of  holes  drilled :  May,  21 ;  June,  44  =  65. 

Aggregate  depth  of  holes  drilled :  May,  173  feet ;  June,  357  feet  =  530  feet. 

Area  drilled  over:  May,  1,000  square  feet ;  Jane,  3,300  square  feet  =  4,300  square  feet. 

Area  remaining  to  be  drilled,  2,000  square  feet. 

With  the  exception  of  tbe  above  2,000  square  feet  tbe  progressive  drilling  and  blast- 
ing is  completed.  The  blasted  rock  is  being  removed  with  a  dredge.  It  will  be  neces- 
sary, as  the  dredging  progresses,  to  do  some  auxiliary  drilling  and  blasting  to  break 
up  the  large  masses  and  remove  high  points. 

Drilling  was  commenced  this  season  on  May  24.    Tbere  seems  every  reason  to  believe 
that  the  work  can  be  entirely  completed  by  September  1. 
Very  respectfully,  your  obedient  servant, 

L.  Y.  SCHERMERMORN, 

Assistant  Engineer, 
Maj.  H.  M.  Robert, 

Carps  of  Engineers,  U.  S.  A, 


Y3. 

MARQUETTE  HARBOR,  MICHIGAN. 

Tbe  breakwater  at  this  harbor  was  built  10  feet  longer  than  originally 
contemplated,  at  a  cost  of  $306,255.75,  which  was  $78,873.83  less  than 
the  amount  estimated  for.  It  should  be  extended  eventually  400  linear 
feet  farther,  which  would  cost,  it  is  estimated,  $68,000. 

During  the  past  fiscal  year  the  owners  of  the  bark  Oscar  Townsend 
paid  the  cost  of  repairing  an  injury  to  the  breakwater  made  by  that 
vessel.  Some  further  repairs  were  made  by  the  officer  in  charge  of  the 
work  during  the  vear;  similar  repairs  are  the  only  operations  contem- 
plated during  the  present  season. 

COMMERCIAL  STATISTICS. 

Name  of  harbor,  Marquette,  Mich. ;  collection-district,  Superior ;  nearest  light-bouse, 
Marquette. 


Arrivals  and  departures  of  vessels  during  year  ending  December  31 

I,  1876. 

Arrivals. 

-                 a ■ — 

Departures. 

No. 

481 
283 

764 

Tonnage. 

Crews. 

No. 

490 

298 

788 

Tonnage. 

Crews. 

466, 775 
165, 698 

10,399 
2,413 

478,  581 
162, 663 

10, 375 
2,339 

Total 

632,473 

12,712 

641  244  ■     io  *»'* 

*"•■" 

Exports  for  the  year  ending  December  31, 1876. 


Lnuiber.  feet,  board  measure  . .  2, 939, 000 

390 

70 

148 

167 

520 

3,720 

1,763 


Sashes,  number  ... 

Doors,  nnmber 

Fish,  packages 

Fish,  tons 

Sandstone,  tons... 

Powder,  kegs 

Merchandise,  tons. 


Pig-iron,  tons 31,999 

Iron  ore,  tons 458, 273 

Scrap-iron,  tons 220 

Berries,  bushels 1,701 

Hogs,  number 49 

Sheep,  number b7 

Horses,  number 13 
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Imports  for  the  year  ending  December  31,  1876. 


Merchandise,  tons. 

Hay,  tons. 

Oats,  bnshels  . 

Corn,  bushels 

Malt,  bnshels  .... 
Lath, thousands  . 
Whisky,  barrels  . 

Feed,  tons 

Coal,  tons 

Limestone,  tons  . 


6,996 
1,410 
33, 631 
3,920 
2,000 

500 

364 

53, 720 

6,572 


Bar-iron,  tons 

Sugar,  barrels , 

Bricks,  thousand. . . 

Coke,  tons 

Potatoes,  bnshels  .. 

Oil,  barrels 

Railroad-iron,  tons. 

Slate,  tons 

Floor,  barrels 


230 

580 

205,000 

2,025 

1,600 

840 

210 

30 

736 


The  above  information  was  obtained  from  J.  H.  Chandler,  collector. 

Money  statement.    ; 

July  1, 1876,  amonnt  available $1,083  45 

Amount  appropriated  by  act  approved  August  14,  1876 2,000  00 


July  1, 1877,  amount  expended  during  fiscal  year 
July  1, 1877,  amount  available 


3,083  45 
592  55 

2,490  90 


Amount  (estimated)  required  for  completion  of  project  recommended 68,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.      20, 000  00 
which  will  be  applied  to  the  extension  of  the  breakwater  in  the  mauner  proposed. 


Y4. 

MENOMONEE  HARBOR,  MICHIGAN  AND  WISCONSIN. 

Estimated  cost  of  present  plan  of  improvement r $212, 000  00 

Appropriated  to  date 133,000  10 

Leaving  to  be  appropriated 79, 000  00 

Amount  required  for  the  fiscal  year  1878-79 25,000  00 

Under  the  contract  of  June  1,  1875,  with  the  Menomonee  Dredging 
Association,  which  was  extended  to  September  30,  1876,  40,584.2  cubic 
yards  of  material  were  removed  from  the  river-channel.  This  quantity, 
with  that  done  in  the  previous  year,  made  a  total  of  134,061.8  cubic 
yards  of  dredging  done  under  the  above  contract,  at  14 J  cents  per  cubic 
yard. 

The  south  pier  was  severely  injured  by  undermining  during  a  freshet 
in  May,  1876,  as  mentioned  in  the  last  annual  report.  The  injury  was 
repaired,  and  some  necessary  refilling  done  on  the  north  pier,  at  a  total 
expense  for  labor  and  materials  of  $2,500.31. 

During  the  fiscal  year  83,000  cubic  yards  of  dredgiug  was  done  in  the 
harbor  by  private  parties. 

The  appropriation  of  August  14,  1876,  will  be  expended  this  summer 
in  building  and  placing  in  position  five  cribs,  in  extension  of  the  piers. 
A  contract  for  this  work  was  signed  June  18,  with  Truman  &  Scbroeder, 
of  Manitowoc,  Wis.,  after  due  advertisement. 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879 .    $25, 000  00 

This  amount  will,  if  appropriated,  be  used  in  extending  the  piers,  and 
in  doing  some  dredging  in  the  channel. 
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COMMERCIAL  STATISTICS. 


Name  of  harbor,  Menomonee,  Mich,  and  Wis. ;  collection-district,  Superior ;  nearest 
light  house,  Green  Island,  Wis. 

Arrivals  and  departures  of  vessels  during  year  ending  December  31,  1876. 


Arrivals. 

Departures. 

Number. 

Tonnage. 

Crew. 

Number. 

Tonnage. 

Crew. 

Stamen 

108 
504 

43,200 
130,500 

1,728 
2,736 

107 

498 

42,791 

128,  193 

1,719 

2,693 

ToUl 

612 

173, 700 

4,464 

605 

170,  984 

4,405 

Lumber,  feet,  board-measure.  140, 000, 000 

Pickets number.      1,800,000 

Posts ...number.  240,000 

Shingles number.     20,000,000 


Exports  for  year  ending  December  31, 1876. 

Laths number. 

Pig-iron    tons. 


Fish 
Ice 


tons. 


Imports  for  year  ending  December  31,  1876. 


3, 000, 000 

2, 200 

13, 000 

1,000 


Hay tous.  850 

Merchandise tons.  1. 250 

Flour  barrels.  7,400 

Salt barrels.  950 

Lime barrels.  1,000 

Pork barrels.  1,375 

Wood cords.  500 


Stone cords.  500 

Beef barrels.      1,950 

Grain bushels.   135,000 

Feed tons.  700 

Potatoes bushels.  500 

Brick thousands.  300 


The  above  information  was  obtained  from  J.  E.  Brooks. 

Money  statement 

July  1,  1876,  amount  available $12,245  47 

Amount  appropriated  by  act  approved  Augast  14,  1876 8, 000  00 

20,245  47 
July  1, 1877,  amount  expended  during  fiscal  year 10,714  24 


July  1, 1877,  amount  available. 


9,531  23 


Amount  (estimated)  required  for  completion  of  existing  project 79, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.      25, 000  00 


List  of  material 8  and  labor  used  in  repairs  to  piers. 


Articles. 


Stone  filling cords. 

Stone  riprap do... 

Edgings  do... 

Drift  bolts pounds - 

Spikes,  wrought do... 

Lumber feet,  b.  m 

Labor,  carpenter's days 

Labor,  common do.. . 


Total 


Quantity. 


281.73 

1K3.25 

301} 

585 

117 

588 

3 

3 


Price. 


Amount. 


North  pier. 


14  50 
4  50 

1  50 

*3f  cents. 

6    cents. 

8  00   per  M 

2  50 
1  50 


1372  60 
"MOO 


426  60 


South  pier. 


$?95  18 

734  6*2 

398  25 

21  94 

7  02 

4  70 

7  50 

4  50 

2,  073  71 

2,500  31 
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Y5 


GREEN  BAY  HARBOR,  WISCONSIN. 

Estimated  cost  of  present  plan,  (1872  and  1874, )  with  a  email  annual  ap- 
propriation for  preserving  harbor 

Appropriated  since 


$75,000  00 
4*, 000  00 


Leaving  to  be  appropriated 27,000  00 

Amount  required  for  fiscal  year  end ing  Jane  30,  1879 15  000  00 

The  importance  of  this  work  is  sufficiently  indicated  by  its  position  at 
the  month  of  the  Fox  River,  it  really  forming  a  part  of  the  improve- 
ment of  the  Fox  and  Wisconsiu  Rivers.  The  only  operations  at  this 
harbor  during  the  past  fiscal  year  were  the  repairs  of  the  east  and  west 
pier  revetments  where  damaged  by  the  ice,  and  extension  of  the  pile 
protection  of  the  east  pier.  The  work  was  done  by  hired  labor  and  pur- 
chase iu  open  market,  as  the  season  was  too  far  advanced  by  the  time 
the  funds  became  available  to  permit  of  making  the  regular  contract 
after  advertising.  The  repairs  were  commenced  October  9  and  com- 
pleted November  24. 

The  appropriation  of  August  14, 1876,  will  be  expended  this  season  in 
dredging  on  the  line  of  previous  work,  and  a  contract  therefor  was 
sigued  June  21,  after  due  advertising,  with  the  Green  Bay  Dredge  and 
Driver  Company.  The  work  proposed  in  1878-'79  is  the  continuation  of 
the  improvement  by  dredging. 

List  of  materials  and  labor  used  in  repairs  and  protection  of  piers. 


Articles. 


Pine  piles lin.  ft. 

Piles  driven ft. 

Pine  timber,  6  by  12  inches lin.  ft. 

Framing-  imber do  . 

Stoue cords. 

Brush do.. 

Spikes,  wrought pounds . 

Drift-bolts do.. 

Screw-bolts  and  washers do. . 

Dredging lin.  ft.  of  pier. 

Drawing  piles each. 


Quantities. 


5,903 
3,009 
2,034 
1,181 

10. 72 

43 
278 
758 
2,  520* 

75 

69 


Price. 


6  cent* 

9  cents 

7  cents 

18  to  50  cents 
♦5 

** 

5  cents 

4  cents 

6  cents 


II  50. 


West 
pier. 


1126  66 

103  68 

44  80 

115  20 


107  58 


497  92 


East 
pier. 


|135  72 

89  82 

tO  71 

103  66 

35  00 

84  00 

13  90 

30  32 

27  51 

100  00 

103  50 


804  14 


Pile  pro- 
tection. 


$91  74 
77  31 
16  87 
59  00 
18  60 
45  00 


16  12 


324  64 


Total  cost 11,626  70 


The  work  was  done  by  the  Green  Bay  Dredge  and  Driver  Company. 

COMMERCIAL  STATISTICS. 

Name  of  harbor,  Green  Bay,  Wis.;  collection-district,  Milwaukee,  Wis.;  nearest  light- 
bouse,  Grassy  Island. 

Arrivals  and  departures  of  vessels  during  year  ending  December  31, 1876. 


Arrivals. 


Steamers 

Sailing-Teasels 

Total... 


No. 


202 
120 


322 


Tonnage. 


98. 648 
27,940 


126, 5d8 


Crew. 


3,295 
841 


4,136 


Departures. 


No. 


200 
118 


Tonnage. 


98,180 
27,530 


318       1*5,?10 


Crew. 


3,2*6 
825 


4,101 
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Exports  for  the  year  ending  December  31,  1876. 


Lumber . . .  feet,  board-measure . .  15, 900 

Shingles thousand..  68,454 

Merchandise tons..  1,579 

Merchandise packages . .  20, 5*27 

Pig-iron tons..  11,908 

Fish packages..  25,263 

Fish barrels..  4,780 

Flour barrels..  23,151 


Wheat bushels. 

Salt barrels. 

Cattle head . 

Oil,  carbon barrels. 

Staves thousand . 

M.  T.  oil barrels. 

Ice tons. 


Imports  for  the  year  ending  December  31,  1876. 


General  merchandise tons..  1,491 

General  merchandise  .  packages . .  69, 860 

Carbon  o:l barrels..  3,937 

Pork barrels..  1,747 

Cement barrels..  7,240 

Iron-ore tous. .  41,979 

Coal tons..  7,710 


Liquors packages. 

Railroad-iron tons. 

Stone tons. 

Salt * tons. 

Apples barrels. 

Salt barrels. 


447,410 
2, 021 
460 
640 
5,271 
6,440 
2,500 


1,870 

1,946 

922 

550 

6,892 

30,684 


The  above  information  was  obtained  from  J.  E.  Morris,  deputy  col- 
lector. 

Money  statement. 

July  1,  1876,  amount  available $419  16 

Amount  appropriated  by  act  approved  August  14,  1876 8,000  00 

8,419  16 
July  1, 1877,  amount  expended  during  fiscal  year 2,274  73 

July  1, 1877,  amount  available 6, 144  43 


Amount  (estimated)  required  for  completion  of  existing  project 27, 000  00 

Amount  that  can  be  profitably  expended  iu  iiscal  year  ending  June  30, 1879.     15,  U00  00 


Abstract  of  bids  received  May  19,  1877,  by  Alaj.  H.  M.  Robert,  Corps  of  Engineers,  for  dredg- 
ing at  Green  Bay  Harbor,  Wisconsin. 


Bidders'  names  and  residences. 


Dredging. 


Green  Bay  Dredge  and  Driver  Company,  Green  Bay,  Wis 12§  cents  per  cubic  yard 


Y  6. 

HARBOR  OF  REFUGE  AT  STURGEON  BAY  CANAL,  WISCONSIN. 

Original  estimate $180,000  00 

Appropriated  since * 50,000  00 

No  appropriation  was  made  since  1874.  Nothing  has  been  done  since 
that  year.  The  pile  piers  need  repairs,  for  which  the  small  sum  on  hand 
will  be  expended  this  season,  though  it  will  do  but  little.  The  ship- 
canal  company  has  resumed  work  this  season  excavating  the  canal,  and 
when  this  is  finished  the  harbor  will  become  an  importaut  point  for 
shipping.  Five  thousand  dollars  should  be  appropriated  to  provide  for 
repairs  needed  and  likely  to  be  required  by  the  end  of  the  present  fiscal 
year. 

Money  statement 

Jnly  1,  1876,  amount  available $401  21 

July  1,  1877,  amount  available 401  21 


Amount  (estimated)  required  for  completion  of  existing  project 130, 000  00 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1879, 
for  repairs 5,000  00 
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Y7. 

AHNEPEE  HARBOR,  WISCONSIN. 

Original  estimate,  (1870) $370,000  00 

Appropriated  to  1875 75,000  00 

Revised  estimate  for  completing  the  harbor,  (see  Report  of  Chief  of  En- 
gineers, 1H76,  Appendix  W  7) 95,000  00 

Appropriated  since,  (act  of  August  14,  1876) 8,000  00 

Leaving  to  be  appropriated 87, 000  00 

Amount  required  for  the  fiscal  year  1878-79 22,000  00 

The  United  States  dredge  was  put  in  order  this  spring,  and  com- 
menced taking  out  the  rock  blasted  in  the  spring  of  1876.  About  one- 
third  of  the  blasted  rock  will  be  dredged  by  July  15,  the  main  object 
being  to  test  the  result  of  the  blasting  opeiations  for  guidance  in  the 
fnture.  As  soon  as  this  is  done,  the  dredge  will  be  removed  to  Fort 
Washington.  After  due  advertising,  a  coutract  was  signed,  June  18, 
with  Truman  &  Scbrcedor,  of  ftfanitowoc,  Wis.,  for  the  construction 
of  superstructure  over  the  seven  cribs  sunk  in  1875.  This  work  is  now 
under  way,  and  will  probably  be  fiuished  by  September  15 ;  to  it  the 
appropriation  of  August  14,  1876,  is  being  applied. 

During  the  fiscal  year  1878-79,  it  is  proposed  to  continue  the  blast- 
ing and  removal  of  rock,  in  accordance  with  the  recommendations  of 
the  Board  of  Eugiueers,  (see  Appendix  W  7,  Report  Chief  of  Engineers 
1876;)  8,000  cubic  yards  can  be  removed  with  the  sum  asked  for. 

There  has  been  some  trouble  in  carrying  ou  the  work  at  this  harbor, 
owing  to  the  fact  that  the  title  to  nearly  the  entire  site  of  the  harbor 
was  claimed  by  a  private  party,  who  also  owned  the  pier-dock.  I  un- 
derstand that  the  net  income  from  the  latter  is  at  least  $8,000  a  year, 
and  it  will  be  a  complete  loss  when  the  harbor  is  completed. 

To  avoid  paying  dockage,  some  vessels  entering  the  harbor  discharged 
cargo  on  to  scows.    To  preveut  this  the  dock-owner  had  a  boom  placed 
across  the  entrance  to  the  bayou,  claiming  that  it  (the  bayou)  was  ex- 
cavated on  his  private  property.    In  the  fall,  during  a  storm,  the  sea 
broke  through  the  bank  between  the  bayou  and  the  lake,  filling  up  the 
bayou.    I  declined  to  protect  the  bank,  or  to  re  excavate  the  bayou,  as 
long  as  there  was  any  questiou  about  its  being  public  property,  and  re- 
quested the  village  authorities  to  take  such  legal  steps  as  would  relieve 
tbe  officer  in  charge  of  the  harbor  from  all  embarrassment  in  carrying 
on  the  work.    Just  before  the  dredging  began  this  year,  I  found  that 
there  was  a  liability  of  an  injunction  beingobtained  to  restrain  the  United 
Statf  s  from  dredging  out  the  rock.    I  immediately  proceeded  to  Ahne- 
pee,  and  after  a  full  conference  with  the  village  trustees  and  the  owner 
of  the  dock  and  harbor  site,  the  whole  matter  was  amicably  arranged, 
tbe  owner  of  the  bed  of  the  stream  (which  had  never  been  meandered) 
adujittiug  that  he  could  not  legally  preveut  the  removal  of  the  rock 
therefrom.     Since  then  he  has  deeded  the  site  of  the  bayou  and  10  feet 
on  each  side  of  the  piers  to  the  village,  so  that  there  is  now  no  legal 
difficulty  in  carrying  out  the  plan  of  improvement  as  far  as  the  appro- 
priations will  allow. 
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COMMERCIAL  STATISTICS. 


Name  of  harbor  Ahnepee,  Wis. ;  collection-district,  Milwaukee,  Wis. ;  nearest  light- 
house, Twin  River  Point. 

Arrivals  and  departures  of  vessels  during  the  year  ending  December  31,  1876. 


Arrivals. 

Departures. 

No. 

420 
262 

Tonnage 

Crew. 

No. 

420 

261 

Tonnage 

Crew. 

Steam  era 

147,346 
19, 725 

P.860 
1,317 

147, 346 
19, 575 

8.860 

Sailing-vessels 

1,309 

Total 

682 

167, 071 

10, 177 

681 

166,921  i     10,169 

Exports  for  ihe  year  ending  December  31,  1876. 


Lumber,  ft.,  B.M 1,600,000 

Bark,  cords £00 

Bricks,  No 100,000 

Hides,  pounds 7,500 

Wheat,  bush 85,210 

Barley,  bush 10,000 

Rye,  bush 1,500 

Peas,  bush 5,000 

Wood,  cords 8,000 

Leather,  pounds 17, 600 

Ice,  tons 3,000 

Hay,  tons 10 

Ties,  No 59,000 

Posts,No 95,050 


Eggs,  doz 

Fish,  pkgs 

Shingles,  No 2, 

Potatoes,  bush 

Butter,  tons 

Oats,  bush 

Barrel-hoops,  No 

Wool,  sacks 

Rags,  bales 

Reapers,  No 

Wagons,  No 

Dressed  hogs,  number 

General  merchandise 


5,000 

1, 100 

000, 000 

2,500 

40 

800 

150, 000 

34 

759 

16 

10 

150 

49 


Imports  for  the  year  ending  December  31, 1876. 


Merchandise,  tons 1, 200 

Salt,  bbls 1,300 

Whisky,  bbls 130 

Flour,  bbls 1,550 

Sugar,  bbls 325 

Pork,  bbls 165 


Beef,  bbls 110 

Reapers,  No 225 

Plows,  No 269 

Threshers,  No 13 

Seeders,  No 167 

Hay-rakes,  No 39 


Tbe  above  information  was  obtained  from  Couway  Bros,  and  G.  W. 
Young. 

Money  statement 


July  1,  1876,  amount  available 

Amount  appropriated  by  act  approved  August  14,  1876 


July  1,  1877,  amount  expended  during  fiscal  year. 
July  1,  1877,  amount  available 


$284  91 

8,000  00 

8,284  91 
1,287  86 
6,997  05 


Amount  (estimated)  required  for  completion  of  existing  project 87,000  00 

Amount  that  can  be  profitably  expended  in  tlscal  year  ending  June  30, 1879.       22, 000  00 
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Y  8. 

TWO  RIVERS  HARBOR,  WISCONSIN. 

Original  estimate $265,568  80 

Appropriated  since 110,000  00 

Leaving  to  be  appropriated 155, 588  80 

Amount  required  for  fiscal  year  1878-79 20,000  00 

Kepairs  were  made  to  153  linear  feet  of  the  pile-revetment  at  the  in- 
ner end  of  the  north  pier,  which  was  damaged  during  a  storm.  The 
materials  used  were  purchased  iu  open  market,  aud  were  as  follows : 

14.4  cords  of  stone,  at  $6 $86  40 

35.7  cords  of  brush,  at  $2 71  40 

$157  80 

Day-marks  were  erected  on  the  sunken  cribs  at  the  end  of  each  pier 
in  April,  in  order  to  enable  vessels  entering  the  harbor  to  avoid  the 
cribs. 

After  due  advertising,  a  contract  was  signed  June  18  with  Messrs. 
Truman  &  Shroeder  of  Manitowoc,  Wis.,  for  buildiug  superstructures 
over  the  six  cribs  sunk  iu  extension  of  the  piers  during  the  season  of 
1875.  This  work  is  now  in  progress,  and  will  be  completed  during  the 
present  season.  The  work  proposed  for  the  year  endiug  June  30,  1879, 
is  the  further  extension  of  the  piers  as  the  appropriation  will  permit, 
saud-proof  liniug  to  the  pile-piers,  and  dredging  in  the  channel. 

COMMERCIAL  STATISTICS. 

Name  of  harbor,  Two  Rivers,  Wisconsin;  collection-district,  Milwaukee;  nearest 
light-house,  Twin  River  Point. 


Arrival  and  departure  of  vessels  during  year  ending  December 

31,  1876. 

j                    Arrivals. 

Departures. 

i 

Number. 

i 

1 

Tonnage,   i    Crew. 

Number. 

Tonnage. 

Crew. 

Steamers 1           300 

150,000  1        9,600 
9,000  j            500 

300 
90 

150,000 
9,000 

9,600 
500 

Total |           3iM)  |        159,000 

10, 100 

390 

159,  000 

10, 100 

Lumbe/,  ft.,  B.  M 6,000,000 

Laths, No 4,000,000 

Pickets,  No 75,  000 

Ties,No 10,000 

Geueral  merchandise,  tons 3, 200 

Fish,pkgs 2,000 

Fish,  fresh,  lbs 450,000 

Hav,  tons 300 

Leather,  lbs 850,000 


Exports  for  year  ending  December  31,  1876. 

Hair,  lbs 60,000 

Wooden-ware,  dozen 42, 000 

Chairs,  dozen 9,000 

Graiu,  bushels 40,0'JO 

Slabs,  cords 3, 000 

Wood,  cords 4,000 

Barrels,  No 8,000 

Sundries,  lbs 35,000 

Furniture,  packages 3,000 


Bark,  cords 

Whi tewood,  cords 

Lumber,  ft.,  B.  M 800,000 

Shingles,  No 500,000 

Hides,  dry,  No 10,000 


Imports  for  year  ending  December  31,  1876. 

Hides,  green,  bundles 10,000 

Salt,  bbls 1,500 

Flour,  bbls 5,000 

Graiu,  bush 10,000 

Merchandise,  tons 2,500 


The  above  information  was  obtained  from  the  Badger  State  and  the 
Two  Rivers  Manufacturing  Companies. 
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Money  statement 

July  1,  1876,  amount  available $1,012  65 

Amount  appropriated  by  act  approved  August  14,  1876 5, 000  00 

6,012  65 

July  1, 1877,  amonnt  expended  during  fiscal  year 1,043  53 

July  1,  1877,  amount  available 4,969  12 

Amount  (estimated)  required  for  completion  of  existing  project 155, 588  80 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879 .  20, 000  00 
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Yg. 

MANITOWOC  HARBOR,  WISCONSIN. 

Original  and  subsequent  estimates  to  get  18  feet  water $248, 182  54 

Appropriated  since 211,500  00 

Leaving  to  be  appropriated 36, 682  54 

Amount  required  for  the  fiscal  year  1878-79 20  000  00 

Superstructure  was  built  over  two  cribs,  sunk  iu  extensiou  of  the  piers, 
during  the  season  of  1875.  Owing  to  the  late  date  of  the  appropriation, 
the  work  could  not  be  let  by  the  usual  public  advertising,  but  informal 
proposals  were  invited  October  3  from  bidders  of  previous  years,  aud  an 
agreement  was  concluded  with  Mr.  H.  Truman,  of  Manitowoc,  under 
which  the  work  was  don*. 

General  repairs  to  the  old  part  of  the  piers  were  commenced  iu  May 
last,  and  are  yet  iu  progress,  the  work  beiug  done  by  hired  labor  and 
purchase  of  materials  in  open  market. 

The  operations  contemplated  during  the  fiscal  year  1878-'79  are  the 
extension  of  the  piers  as  far  as  the  appropriation  will  admit  of,  and 
dredging  between  the  piers.  The  importance  of  completing  this  excel- 
lent harbor  at  the  earliest  practicable  moment  can  hardly  be  overesti- 
mated. 

Tbe  entire  through  commerce  of  the  lakes  bound  from  Buffalo  to 
Milwaukee  and  Chicago  is  destitute  of  shelter  on  the  east  shore  of  this 
lake  after  leaving  South  Manitou  Island  Harbor,  with  the  exception  of 
that  affoided  by  the  harbor  at  Grand  Haven,  situated  150  miles  to  the 
southward  and  50  miles  directly  out  of  the  regular  course.  As  the  pre- 
vailing winds  are  westerly,  masters  of  vessels  usually  seek  the  west  shore, 
for  the  purpose  of  finding  still  water,  striking  it  about  Twin  River  Point, 
10  miles  northeast  from  Manitowoc  Harbor.  For  a  similar  purpose  the 
through  commerce  bound  from  Chicago  and  Milwaukee  to  Buffalo  ordi- 
narily hugs  the  west  shore  as  far  north  as  Twin  Eiver  Point.  After 
leaviug  Milwaukee,  this  harbor,  75  miles  to  the  northward,  affords  the 
best  shelter  from  violent  storms,  and  from  thence  northward  no  har- 
bor of  refuge  is  available  uearer  than  Bailey's  Harbor,  or  North  Bay,  70 
to  75  miles  distant.  In  addition,  therefore,  to  the  great  benefit  conferred 
upon  the  local  traffic,  this  harbor  should  be  completed  as  soou  as  possi- 
ble for  the  refuge  it  attbrds  to  the  general  commerce  of  the  lakes,  and 
vessels  plying  to  and  from  Green  Bay  and  the  ports  on  the  western 
shore  of  Lake  Michigan ;  and  this  importance  should  insure  its  mainte- 
nance forever.  The  extent  to  which  it  is  sought  in  time  of  peril  is  an 
indication  of  the  estimate  placed  upon  its  advantages,  150  vessels  hav- 
ing sought  shelter  therein  during  a  siugle  storm.  VVere  the  piers  ex- 
tended to  sufficient  depth  of  water  to  admit  of  heavily-laden  vessels  en- 
tering it  duriug  severe  gales,  its  value  would  be  greatly  enhanced. 

COMMERCIAL  STATISTICS. 

Name  of  harbor,  Manitowoc,  Wis.;  collection-district,  Milwaukee  ;  nearest  light- 
house, Manitowoc. 

Arrival  and  departure  of  vessels  during  year  ending  December  31,  1876. 


Arrivals. 


Departures . 


No. 


Steamers 

.Sailing-vessels 

Total... 


Tonnage 


404     2, 996. 78 


477 


887 


34?.  40 


3, 045. 18 


Crew. 


No.   |  Tonnage. 


11,938       404 
1, 600       459 


2. 745. 04 
302.91 


13, 538       863 


3, 047. 95 


Crew. 


12,000 
1,551 


13, 551 
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Exports  for  year  ending  December  31,  1876. 


Lnmber feet,  b.  ra . .  500, 000 

Posts number..     25,000 

Floor barrels..  750, COO 

Hay tons..      4,500 

Leather packages..      6,000 


Ice tons..     20,000 

Wood cords..     13,000 

Wheat bushels..  200,000 

Merchandise tons.. cannot  estimate. 

Bricks number..  250,000 


Imports  for  year  ending  December  31,  1876. 


Merchandise tons . .  cannot  estimate. 

Salt barrels..  4,000 

Coal tons..  1,000 

Lnmber feet,  b.  m..  1,250,000 

Shiugles number..  2,700,000 


Iron tons..  1,700 

Bark cords..  1,000 

Railroad-ties number..  20,000 

Vessels  bnilt nun.ber..  5 

Vessels  repaired number..  30 


The  above  information  was  obtained  from  George  B.  Burnett,  deputy 
collector. 

Money  statement. 

Jnly  1,  1876,  amount  available $1, 143  48 

Amount  appropriated  by  act  approved  August  14,  1876 8, 000  00 

9, 143  48 
July  1,  1877,  amount  expended  during  fiscal  year 7,011  79 

July  1, 1877,  amount  available 2,131  69 


Amount  (estimated)  required  for  completion  of  existing  project :t6, 684  54 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.  20,000  00 


List  of  materials  and  labor  used  at  Manitowoc  Harbor,  Wisconsin,  during  the  fiscal  year 

1876-77. 


Articles. 


Pine  timber,  12  by  C  linear  fret ) 

12  inches \  feet  board-measure.  J 

Drift-bolt* pounds.. 

Screw-bolts  and  washers .do... 

Wrought  spikes do  .. 

Stone cords.. 

Plank,  laid feet  board-measure . 

Timber,  framed .linear  feet. 

Brush cords 

Plauk feet  board-measure.. 

Washers pounds. 

Paint do... 

Labor 


Total  cost 


Quantity. 


3,953 
13.153 
6, 998.  2 
1,319.3 
1  065 

643.  67 

1,662 

3,953 

127 

12,314 

196 

5 


Price. 


$0  20 

12  00 

3  to  3J 

4}  to  9 

3J  to  3.  Q'i 

5  to  5  50 

16  00 

09 

2  00 

10  00 

3  to  8 

10 


Superstructure. 


Crib  42, 
north  pier. 


$104  20 

86  28 

27  22 

2  80 

330  00 
14 

181 


30 

89 


1, 046  69 


Crib  39, 
south  pier. 


|386  40 

86  55 

13  50 

2  4."i 

384  45 
12  29 

173  88 


1,  059  52 


Repairs  of 
piers. 


1157  83 

40  20 

41  82 
32  fil 

2,569  15 


254  00 

123  14 

6  43 

50 

221  67 


3,  447  35 


Y  io. 


SHEBOYGAN  HARBOR,  WISCONSIN. 

Estimated  cost  of  the  improvement $150,598  33 

Appropriated  to  date a. 156,598  91 

The  decay  of  the  old  superstructure  and  the  necessity  for  dredging, 
together  with  the  fact  that  the  lake-bed  near  the  present  mouth  of  the 
harbor  has  been  raised  by  deposits  from  4  to  G  feet  since  the  work  was 
commenced,  render  additional  outlay  necessary.    The  best  policy  would 
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be  to  run  the  piers  out  to  18-feet  water  in  one  season.  But,  as  a  suffi- 
ciently large  appropriation  for  this  could  not  be  obtained,  I  propose  to 
continue  the  repair-work  on  the  old  cribs  (eighteen  years  old)  com- 
menced in  1875,  and  still  in  progress,  doiug  the  work,  as  heretofore,  by 
hired  labor,  and  purchase  of  materials  in  open  market,  as  from  the 
nature  of  the  work  no  estimate  cau  be  made  in  advance  on  which  to  base 
a  contract.  The  repairs  are  made  by  stripping  off  the  old  superstruct- 
ure, putting  on  new  timbers,  refilling  the  cribs  aud  intervals  with  brush 
and  stone,  and  planking  over  all. 

During  the  past  fiscal  year,  superstructure  was  rebuilt  over  137  linear 
feet  of  the  north  pier,  three  courses  below  and  four  courses  above  the 
water  surface,  aud  over  413  linear  feet  of  the  south  pier,  from  seven  to 
eleven  courses  high.  Ou  the  uorrh  pier,  also,  110  linear  feet  of  old 
superstructure  has  been  partially  removed,  and  other  portions  of  the 
pier  have  been  repaired. 

The  following  table  shows  the  amount  of  materials  used  and  cost  of 
same: 


Articles. 


Timber feet,  b.  in. 

Drift-bolta    pounds . 

Drift-bolts, old,  (reused) do... 

Tools,  &c 

Labor  


Spikes,  wrought pounds. 

Spikes,  cut do... 

Bolts,  screw do... 

Repairs  to  scow 


Total. 


Quantities. 


114,297 

6,489 
4,581 


500 
300 
3«J 


Price. 


IIS  50? 

12  75  5 

3£to3i 


4i 
2* 
5 


Amount. 


$1, 449  16 
225  05 


19  62 
2,2*0  52 
21  25 
8  25 
19  10 
29  89 


4,  052  84 


The  work  of  repair  is  now  temporarily  suspended  since  June  1,  but 
will  be  resumed  about  September  1.  The  amount  asked  for  the  fiscal 
jear  1878-'79  will  be  used  in  continuing  this  repair-work  and  in  dredg- 
ing, if  necessary. 
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Name  of  harbor,  Sheboygan,  Wis.;  collection-district,  Milwaukee,  Wis.;  nearest  light- 
house, (on  harbor  pi«r,)  Sheboygan,  Wis. 

Arrival  and  departure  of  vessels  far  year  ending  December  31,  1876. 


Arrivals. 

Departures. 

Number. 

Tonnage. 

Crew. 

Number. 

Tonnage. 

Crew, 

P36 
330 

493, 249 
23,051 

25,614 
1,190 

836 
325 

493, 249 
23, 036 

Total 

1,166 

516,300 

26,804 

1,161 

516,285 

Exports  for  year  ending  December  31,  1876. 


Wheat bnsbels. . 

Feed tons.. 

Hay tous.. 

General  merchandise.... tons.. 

Brick number.. 

Cattle heads.. 

55  £ 


725,000 

125 

2,100 

12, 400 

1,100,000 

700 


Flour barrels. 

Potatoes bushels. 

Fish packages. 

Lime barrels. 

Stone cords. 

Barrels number. 


1,400 

5, 500 

16, 400 

20, 000 

700 

17, 000 


866 
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Imports  for  year  ending  December  31,  1876. 


Lumber feet.  b.  ra..  9,205,000 

Shingles M..  5,000 

Coal tons..  12,200 

Merchandise tons..  10,300 

Pickets number..  70,000 

Cement barrels..  1, 0(J0 


Lath M..  1,550 

Posts number..  6,800 

Plaster-rock cords..  2,600 

Salt barrels..  12,400 

Bark cords..  5,000 


Tbe  above  information  was  obtained  from  custom-house,  steamboat- 
office,  and  various  mill-owners. 

Money  statement. 

July  1, 1876,  amount  available $2,400  24 

Amount  appropriated  by  act  approved  August  14,  1876 6, 000  00 

8, 400  24 
July  1, 1877,  amount  expended  during  fiscal  year 5,351  00 

July  1,  1877,  amount  available 3,049  24 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879, 
for  repairs 6,000  00 


Y   II. 

PORT  WASHINGTON  HARBOR,  WISCONSIN. 

Original  estimate $154,527  17 

Appropriated  since 96, 000  00 

LeaviDg  to  be  appropriated 58, 527  17 

Amount  required  for  fiscal  year  1878-79 12,000  00 

The  change  in  the  plan  of  this  harbor  recommended  by  me,  July  6, 
1*76,  (see  report  of  Chief  of  Engineers,  1876,  part  IF,  page  379,)  and 
approved  (by  the  Chief  of  Engiueers,  June  7,  1877,  which  doubles  the 
area  of  the  harbor,  at  an  expense  of  $27,000  to  tbe  United  States,  does 
not  provide  for  any  iucrease  in  the  estimate,  which  is  ample  for  improv- 
ing the  harbor  to  as  great  an  extent  as  at  present  seems  justifiable. 

During  the  past  year  the  operations  at  this  harbor  consisted  of  repairs 
(made  in  July,  1876,  and  in  May,  1877)  to  the  embankment  between  the 
basin  and  the  Sauk  River,  and  to  the  pile  revetment.  These  repairs 
were  made  necessary  by  damage  caused  duriug  heavy  floods  in  the 
spring  of  1876.  The  work  done  last  May  prevented  the  usual  breaking- 
in  of  the  river  during  the  June  freshets.  Repairs  were  also  made  on  "the 
United  States  dredge  preparatory  to  "work  on  this  harbor  and  on  the 
north  pier.  The  proposed  work  during  the  present  season  is  the  exca- 
vating by  the  United  States  dredge  of  the  basin  in  part,  as  detailed  in 
my  letter  of  July  5,  1876,  to  the  Chief  of  Engineers,  (published  in 
Anpendix  W  11  of  the  report  of  the  Chief  of  Engineers  for  1876.)  This 
will  be  commenced  as  soon  as  the  dredge  has  finished  the  rock  excava- 
tion at  Ahnepee  Harbor,  which  it  is  expected  will  be  about  September 
1.  It  is  proposed  to  continue  the  same  work  with  the  sum  asked  for  the 
fiscal  year  1878->79. 

The  following  table  shows  the  quantities  of  materials  used  and  the 
prices  paid  therefor.  The  work  was  doue  by  hired  labor  aud  purchase  of 
materials  in  open  market: 
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Articles. 


Timber feet,  board-measure. 

Bolts pounds. 

Stone cords. 

Brush do.. 

Labor 

Total 


Quantities. 


1,776 
508* 
53 

119  MO 


Price. 


f 

{ 
{ 


$12.00 

to 

14.00 
3  t*>5 

3  75 

to 

5  00 

2  08 

to 

2  80 


Amount. 

£24  19 

21  4J> 

220  50 

324  48 
50  25 


640  91 
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Name  of "  harbor,  Port  Washington,  Wis.;  collection-district,  Milwaukee;  neareSt 
light-house,  Port  Washington. 

Arrival  and  departure  of  vessels  during  the  year  ending  December  31, 1876. 


\ 

Arrivals. 

Departures. 

No. 

Tonnage. 

Crew. 

No. 

Tonnage. 

Crew. 

350 
460 

175, 000 
23,300 

1.800 
1,600 

350 

460 

175, 000 
23,300 

1,800 

1,600 

Total 

810 

198,300 

3,400 

810 

198, 300 

3,400 

Exports  for  year  ending  December  31,  1876. 


8tone cords.. 

Wood cords.. 

Pork barrels. . 

Hour barrels.. 

Cattle head.. 

Sbooks packages. . 

Barrels number.. 


300 
2,000 

350 
2,000 

400 
4,000 
5,000 


Hay tons, 

Lime „ barrels. 

Brick number. 

Wheat bushels . 

Malt .' bushels. 

Merchandise tons. 

Fish packages. 


Imports  for  year  ending  December  31, 1876. 


8alt barrels.. 

Moulding-sand tons . . 

Reapers number.. 

Seeders number.. 

Bark cords. . 

Coal tons.. 

Land-plaster tons.. 


1,000 
300 
300 
400 
500 
700 
500 


Iron tons. 

Coke tons. 

General  merchandise.,  .tons. 
Lumber. feet,  board-measure. 

Lath number 

Shingles number. 


400 

9,000 

1,000,000 

200, 000 

40,000 

6,000 

2,000 


600 

300 

4,000 

10, 000,  000 

3, 000, 000 

8, 000, 000 


This  information  was  obtained  from  R.  C.  Kann. 


Money  statement 

July  1, 1876,  amount  available $1,321  25 

Amount  appropriated  by  act  approved  August  14,  1876 8, 000  00 

9, 321  25 
July  1, 1877,  amount  expended  during  fiscal  year.... 1,776  07 

July  1,  1877,  amount  available 7,545  18 

Amount  (estimated)  required  for  completion  of  existing  project 66,527  17 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1H79.  12, 000  00 
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ANNUAL  REPORT  OP  MAJOR  D.  0.  HOUSTON,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1877. 

United  States  Engineer  Office, 

Milwaukee,  Wis.,  July  11,  1877.« 

General  :  I  have  the  honor  to  transmit  herewith  annual  reports  for 
the  works  in  my  charge  for  the  fiscal  year  ending  June  30,  1877. 
I  am,  general,  very  respectfully,  your  obedient  servant, 

D.  C.  Houston, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 


Z  i. 

IMPROVEMENT  OF  MILWAUKEE  HARBOR,  WISCONSIN. 

At  the  close  of  last  season  560  feet  of  the  stone  superstructure  of  the 
north  pier  was  completed,  except  pavement  between  the  walls. 

Five  thousand  dollars  of  the  appropriation  of  August  14,  1876,  was 
made  available  last  fall.  Part  of  this  was  applied  to  placing  a  pile  and 
timber  protection  along  the  channel  side  of  the  north  pier  for  a  distance 
of  560  feet,  (the  extent  of  the  stone  superstructure,)  to  prevent  collision 
by  boats.  The  balance  of  the  appropriation,  $21,000,  was  made  avail- 
able April  21,  1877. 

Owing  to  the  meager  appropriations  and  the  dilapidated  condition  of 
the  old  superstructure,  it  was  deemed  advisable  to  limit  the  stone  super- 
structure to  the  north  pier  and  to  apply  the  present  appropriation  to 
replacing  the  old  superstructure  of  the  south  pier,  1,120  feet  in  length, 
with  timber,  and  to  put  the  north  pier  in  as  good  couditiou  as  possible, 
waiting  for  an  additional  appropriation  to  complete  the  stone  superstruct- 
ure of  the  north  pier.  There  has  been  rebuilt  up  to  the  close  of  tbe  fis- 
cal year,  800  running  feet  of  the  superstructure  of  the  south  pier  for  a 
height  of  3J  feet.  The  funds  available  will  be  sufficient  to  complete  the 
superstructure  of  the  south  pier,  make  other  needed  repairs  and  put  in 
the  pavement  between  the  walls  in  the  north  pier.  There  will  remain 
to  be  completed  th.e  stone  superstructure  on  the  north  pier.  The  old 
cribs  connecting  the  Government  piers  at  the  inner  end  of  the  harbor 
with  private  dock  also  need  to  be  rebuilt  above  water. 

I  enclose  reduced  plat  of  soundings  taken  this  season,  which  shows  a 
good  stage  of  water,  so  that  no  dredging  will  probably  be  necessary  for 
some  time.  I  enclose  also  a  communication  from  Mr.  W.  H.  Hearding, 
assistant  engineer,  giving  statistics,  &c.  in  regard  to  commerce. 
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Money  statement. 

July  1,  1876,  amount  available $7,575  87 

Amount  appropriated  by  act  approved  August  14, 1876 26,000  00 

$33, 575  87 

July  1, 1877,  amount  expended  during  fiscal  jear 10,314  73 

July  1, 1877,  outstanding  liabilities 5,233  94 

15, 548  67 

July  1,  1877,  amount  available 18,027  20 

Amount  (estimated)  required  for  completion  of  existing  project 30, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endiog  June  30, 1879.      30, 000  00 


report  of  mr.  w.  h.  heardikg,  assistant  engineer. 

United  States  Engineer  Office, 

Milwaukee,  July  9,  1877. 

Sir  :  The  accompanying  plat  of  soundings  taken  at  Milwaukee  Harbor  on  May  21, 
1877,  which  is  respectfully  submitted,  shows  a  good  navigable  channel  at  a  distance  of 
100  feet  from  the  south  pier  and  running  parallel  with  the  same  for  the  whole  length 
of  the  harbor  entrance,  the  shallowest  water  being  16£  fett  when  reduced  to  the  plane 
of  mean  lake-level ;  or  at  the  present  stage,  17 ft,  feet  of  water. 

A  comparison  of  these  soundings  with  those  taken  in  June,  1876,  shows  a  deposit  of 
about  6  inches  of  material  to  have  been  made  upon  the  channel-bed  between  the  piers. 

The  following  information  relative  to  the  commerce  of  this  port  for  the  fiscal  year 
ending  June  30, 1877,  was  kindly  furnished  by  John  Nazro,  esq.,  collector. 

Summary  of  entrances  and  clearances. 


Steamers* 

Sailing-vessels*. 


Entrances. 


Total. 


Steamers  t 

Sailing-vesselst. 


Clearances. 


Total. 


Clearances  of  American  vessels  to  foreign  ports schooners 

Entrances  of  foreign  vessels  from  foreign  ports 

Clearances  of  foreign  vessels  to  foreign  ports 


Total  entrances  . 
Total  clearances. 


No. 


2,748 
4,351 

7,099 

2,759 
4,468 

7,227 

37 
15 
20 

7,114 

7,284 


Tonnage. 


2,228,270 
575, 141 

2,803,411 

2, 247, 168 
576, 919 

2,  824, 087 

11,878 
5,258 
7,064 

2,  f  08,  609 
2, 843, 029 


Men. 


71,305 
21,825 


93,130 


70,  538 
22,172 


92,710 


306 
210 
249 


93,340 
93,265 


*From  .American  ports.  tTo  American  ports. 

Vessels  owned  and  documented  at  Milwaukee,  Wisconsin,  June  30, 1877. 

Tons. 


Sail,  permanent  enrollments  ... 
Steam,  permanent  enrollments. 

Sail,  permanent  registers 

Sail,  temporary  registers 

Steam,  temporary  registers  — 
Steam,  temporary  enrollments. 


Total 369     70,453.16 


52,013.74 

14, 029.  98 

289.85 

1,  430.  54 

2,364.09 

324. 96 


ue  collected,  coin $53,204  91 

Revenue  collected,  corrency 1 16, 169  12 

Total 69,374  03 


Respectfully  submitted  by  your  obedient  servant, 


Bvt.  Col.  D.  C.  Houston, 

Major  of  Engineers,  U.  S.  A. 


W.  H.  Hearding, 

Assistant  Engineer. 
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Z  2. 

IMPROVEMENT  OF  RACINE  HARBOR,  WISCONSIN. 

The  appropriation  of  88,000  was  not  made  available  until  April  21, 
1877,  and  is  now  being  applied  to  replacing  the  old  superstructure  of 
the  north  pier. 

A  resurvey  of  the  harbor  was  made  this  season  for  the  purpose  of 
showiug  what  changes  have  taken  place  since  1870,  and  what  work  is 
required  in  future  for  the  further  improvement  of  the  harbor. 

1  inclose  tracing  showing  present  condition  of  harbor,  also  report  of 
Mr.  W.  H.  Hearding,  assistant  engineer,  giving  results  of  survey  and 
all  information  attainable  in  regard  to  the  commerce  of  Racine  and  in- 
terests affected  by  the  harbor. 

From  this  report  it  will  be  seen  that  the  principal  trouble  at  this  har- 
bor is  the  heavy  seas  due  to  the  funnel-shape  of  the  entrance.  This 
has  been  corrected  in  part  since  I  have  had  charge  of  this  work  by  ex- 
tending the  north  pier  eastward  a  distance  of  150  feet  beyond  the  south 
pier. 

It  appears  that  this  extension  has  not  been  carried  far  enough  to  fully 
accomplish  the  purpose,  and,  although  there  is  sufficient  water  at  the 
harbor-entrance  at  present,  I  would  respectfully  recommend  a  further 
extension  of  the  north  pier  of,  for  the  present,  100  feet.  This  extension 
will  soon  become  indispensable,  on  account  of  the  shoaling  caused  by 
accretions. 

This  will,  it  is  estimated,  cost  $14,000,  which,  added  to  my  estimate 
of  last  year  for  repairs,  &c,  (not  appropriated,)  amounts  to  $21,000. 

Money  statement. 

Jnly  1, 1876,  amount  available $244  57 

Amount  appropriated  by  act  approved  August  14, 1876 ,. 8, 000  00 

.  $8, 244  57 

Jnly  1,  1877,  amount  expended  during  fiscal  year 463  cjj> 

July  1,  1677,  outstanding  liabilities 1.637  30 

2, 101  25 

July  1,  1877,  amount  available 6,143  32 

Amonnt  (estimated)  required  for  completion  of  existing  project 30, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1879. .  21, 000  00 


report  op  mr.  w.  h.  hearding,  assistant  engineer. 

United  States  Engineer  Office, 

Milwaukee,  June  18,  1877. 

Sir:  Having  made  the  survey  of  Keuosba  Harbor,  I  then  proceeded  to  Racine,  Wis  , 
as  directed  by  your  instructions  of  April  25,  and  made  a  survey  of  the  harbor-entrance 
at  that  point,  Mr.  J.  P.  Vose  acting  as  my  assistant. 

This  survey  was  completed  on  the  14th  day  of  May.  On  the  28th  of  May  I  submit- 
ted to  you  a  platof  my  survey  of  Kenosha  Harbor,  with  a  report  upon  the  same.  Since 
that  date,  at  such  times  as  my  other  duties  have  not  required  my  personal  attention, 
1  have  made  a  plat  of  the  harbor-entrance  at  Racine,  which  I  have  the  honor  herewith 
to  submit.  During  the  season  of  1875  the  channel  was  dredged  to  the  full  depth  of 
15  feet  of  water  from  the  elevator  to  that  depth  of  water  in  Lake  Michigan.  While 
the  changes  upon  the  lake-bed  and  adjacent  shores  are  not  so  marked  as  at  Kenosha, 
•  comparison  of  the  accompanying  plat  with  that  of  the  survey  of  1870  showed  quite 
a  change  to  have  been  effected.  On  the  north  side  the  line  of  shore  has  not  advanced 
materially,  but  the  curve  delineating  the  depth  of  9  feet  of  water  now  embraces  the 
Hoe  of  12  feet,  as  it  existed  in  1870,  and  the  present  line  of  15  feet  corresponds  with 
that  of  17*  feet  in  1870. 
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The  sand  deposited  in  the  channel  between  the  piers  averages  more  than  one  foot  in 
thickness  since  dredging  was  done  in  1875,  (a  period  of  two  years.)  I  attribute  the 
presence  of  this  depobit  chiefly  to  the  infiltration  of  sand  through  the  north  pier.  The 
abrading  effect  of  the  waves  upon  the  lake-shore  between  Racine  and  Kenosha  during 
the  recent  high  stage  of  water  has  been  a  source  of  anxiety  to  owners  of  property 
fronting  the  lake.  Many  different  methods  have  been  adopted  for  shore-proiection. 
The  simplest  and  most  effective  method  which  I  have  seen  is  that  used  in  front  of  the 
Kemper  Hall  property,  which  has  proved  completely  successful.  The  Rev.  Dr.  Ever- 
hart,  principal  of  that  seminary,  having  tried  the  crib-jetty  system,  which  failed,  asked 
my  advice  upon  the  subject,  and  I  furnished  him  with  a  plan  and  specifications  upon 
the  most  economical  principle  of  close  piling,  backed  with  brash  filling  and  ballasted 
with  bowlders  of  the  largest  size  attainable. 

I  had  visited  the  locality  some  years  previous  to  his  application,  and  knowing  the 
character  of  the  ground,  thought  this  to  be  the  beat  plan  he  could  adopt.  Some  of  the 
citizens  of  Raciue  are  now  protecting  their  property  in  a  similar  manner.  A  cross- 
section  of  this  is  shown  upon  the  sheet. 

The  depth  of  water  on  the  south  side  of  the  harbor-channel  has  increased  since  the 
year  1870,  both  to  the  east,  or  lakeward,  and  west,  or  shoreward,  of  the  line  of  12  feet, 
which  line  is  now  at  about  the  same  distance  from  shore  as  in  1870. 

Within  the  past  4  years  an  extensive  change  has  been  made  at  the  west  or  inner  end 
of  the  outer  reach  of  the  river  by  the  construction  of  wharves  over  an  area  which  was 
formerly  a  bay  of  the  river,  and  which  served  as  a  recess  in  which  the  force  of  the 
waves  following  up  the  cbaunel  from  the  lake  was  expended.  Tne  increased  volume 
of  wave  from  the  lake  through  the  deepening  of  the  channel  by  dredging,  combined 
with  the  narrowing  up  or  curtailment  of  the  space  in  which  the  wave-force  was  for- 
merly broken,  has  had  the  effect  of  increasing  the  disturbance  caused  by  storms  in  the 
next  upper  reaches  of  the  river  which  carry  a  good  depth  of  navigable  water  for  the 
distance  of  more  than  a  mils.  The  primary  cause  of  this  excessive  disturbance  is 
probably  due  to  the  funnel-shaped  character  of  the  channel.  The  distance  from  the 
present  extremity  of  the  north  pier  to  a  point  in  the  lake  which  bears  N.  45°  E.  from 
the  east  end  of  the  south  pier  is  150  feet.    If  the  north  pier  should  be  extended  to  this 

Soint,  the  effect  of  storms  coming  from  the  north  to  the  northeast  would  be  sensibly 
iminished.    Should  it  be  considered  expedient  to  construct  this  extensiou,  an  estimate 
of  its  cost  would  be  as  follows : 

E8TIMATE  OF  COST  OF  ONE  CRIB  OF  DIMENSIONS  50' X  30' X  26£'. 

For    25  cords  of  stone  foundation. 
For  216  cords  of  stone  in  crib. 
Fur      7  corxls  of  stone  in  interval. 
^~ *""    » 

For  248  cords  of  stone,  at  $11  per  cord $2,728  00 

For  8.099  linear  feet  of  12" X 12"  timber  framed  in  work,  at  36  cents 2,  915  64 

For  12,061  pounds  of  wrought- iron  bolts,  at  4  cents 482  44 

For  16  cords  of  brush  for  interval,  at  $5 80  00 

For  4.000  feet,  board-measure,  of  3- inch  plank-decking,  laid,  at  $18 72  00 

For  200  pounds  of  iron  spikes,  at  5  cents 10  00 

For  3  fender-piles,  driven,  at  $10 HO  00 

For  50  linear  feet  of  cap-timber  to  piles,  (oak,)  at  46  cents 23  00 

For  60  pounds  of  screw-bolts,  at  6  cents 3  60 

6,344  68 
Add  10  per  cent,  for  contingencies 634  46 

Estimated  cost  of  1  crib 6,979  14 

Total  estimated  cost  of  3  cribs 20,937  42 

The  manufacturing  interests  of  Racine  are  as  extensive  as  those  of  auy  other  city 
in  the  State  of  Wisconsin.  As  an  accurate  statistical  account  of  the  business  done  can 
only  bo  obtained  by  visiting  the  several  manufactories  and  business  houses  and  from 
the  books  of  these  establishments  extract  such  information,  and  as  a  considerable  time 
would  be  coiibnmed  in  collecting  the  same,  I  have  thought  thac,  for  the  purpose  of  show- 
ing the  value  of  the  articles  manufactured,  I  would  give  the  following  statement,  taken 
from  the  Racine  Journal  of  date  January  5,  1876,  which  is  the  latest  compilation  of 
facts  obtained  relative  to  the  subject.  It  is  stated  by  persons  whose  authority  is  reli- 
able that  the  business  done  during  1876  was  fully  one-fourth  more  than  in  1875,  which 
is  shown  in  a  condensed  form  as  follows:  Thrashing-machines  made,  valuation 
£1,250,000;  wagons  and  carriages,  $1,000,000;  wagon-trimmings,  &c,  $54,146;  light 
hard  ware,  .$76,099;  carriage-factories,  #9/200  ;   fan  niug-m  ills,  $247,000  ;  boiler  and  ma- 
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chine  works,  $65,000;  silver-plate  works,  $20,000;  bnilding-raaterial  used,  $552,041 ; 
marble,  $12,000  :  baskets,  $20,000 ;  pumps,  $51,500  ;  sash  and  doors,  &c,  $110,000 :  wire 
manufactures,  $15,000;  tin  and  copper-ware,  $16,000;  business  of  meat-markets, 
$96,000  ;  trunks  and  valises,  $110,000;  boots  and  shoes,  $320,000  ;  mittens,  gloves,  and 
furs,  $89,000 ;  leather,  $594,000  ;  harness  manufactures,  $16,000 ;  woolens,  $250,000  ; 
cotton-battinc,  $35,000 ;  rope  and  twine,  $54,000 ;  furniture,  $51,000 ;  clothing,  $42,000; 
millinery  and  dressmaking,  $4,000  ;  beer,  $28,400;  soda-water,  $6,000 ;  linseed-oil, 
$210,000;  flour, $207,000;  vinegar  and  pickles, $20,000;  barrels, $10,500;  crackers,  $2^,500; 
candy,  $17,000;  cigars,  $50,200 ;  cigar-boxes,  $1,800;  hay  pressed,  $23,000.  Making  a 
total  in  valuation  for  these  articles  of  $5,805,786.  The  imports  of  coal  were  in  1876 
30,000  tons  ;  the  imports  of  lumber,  28,000,000  feet,  board-measure. 

There  are  41  vessels  registered  as  belonging  to  Racine,  the  estimated  value  of  which 
is  $307,000. 

The  shipments  from  Racine  over  the  Western  Union  Railroad  during  the  year  1875 

were  as  follows : 

Pounds. 

Flax-seed - 726,350 

Floor 1,485,800 

Salt 1,628,110 

Shingles 1,640,800 

Cedar  posts 740,000 

Bricks 740,000 

Lumber 45,658,130 

Lime 2,454,010 

Agricultural  implements 17,267,830 

Coal 11,947,770 

Miscellaneous 9,207,350 

Water,  lime,  and  cement 103,800 

Total 93,699,150 

Mr.  J.  I.  Case's  machine-shops  cover  11  acres  of  ground. 

During  the  year  164  new  buildiugs  were  erected,  in  value  $388,585. 

Respectfully  submitted. 


Brevet  Colonel  D.  C.  Houston, 
Major  of  Engineers,  U.  8.  A. 


W.  H.  Heardino, 
Assistant  Engineer, 


Z3* 

IMPROVEMENT  OF  KENOSHA  HARBOR,  WISCONSIN. 

Of  the  appropriation  made  August  14,  1876,  for  this  harbor,  but 
$150  was  made  available  last  season. 

This  was  applied  to  minor  repairs  to  piers.  Thje  balance,  87,850,  was 
made  available  April  21,  1877. 

This  seasou  the  superstructure  has  been  built  over  the  two  outer 
cribs  of  the  north  pier  100  feet  in  length,  and  the  stone  tilling,  which 
had  settled,  replaced.  Some  repairs  have  also  been  made  to  the  section 
of  the  pier  built  in  1867. 

A  resurvey  of  the  harbor  was  made  this  spring  for  the  purpose  of 
determining  what  changes  have  taken  place  siuce  1870  and  what  work 
is  needed  for  the  further  improvement  of  the  harbor.  I  inclose  a  tracing, 
showing  present  condition  of  the  harbor;  also  report  of  Mr.  W.  H. 
Hearding,  assistant  engineer,  giving  result  of  survey,  and  all  informa- 
tion attainable  on  the  commerce  of  the  place. 

From  this  report  it  will  be  seen  that  about  $7,000  are  required  to  put 
the  existing  works  in  good  order,  and  that  about  10,000  cubic  yards  of 
dredging  are  necessary.  The  fuuds  available  will  suffice  for  the  dredg- 
ing, leaving  $7,000,  my  estimate  of  last  year,  needed  to  put  works  in 
good  order. 
It  further  appears,  as  has  been  heretofore  reported,  that  it  will  be  neces- 
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sary  to  exteud  the  piers  to  protect  the  channel,  owing  to  tbe  constant 
shoaling  due  to  accretions  north  of  the  piers.  Mr.  Hearding  estimates 
that  in  the  next  twenty  years  the  north  pier  should  be  extended  400 
feet  and  the  south  pier  500  feet,  at  an  estimated  cost  of  not  less  than 
$80,000,  an  average  of  $4,000  per  annum.  This  is,  to  a  great  extent, 
conjectural,  but  it  is  evident  that  one  or  both  of  the  piers  will  require 
extension  from  time  to  time.  I  would,  therefore,  recommend  an  appro- 
priation for  the  extension  of  the  north  pier  100  feet. 

The  amount  (estimated)  required  for  completion  of  existing  project 
includes  the  probable  pier-extension  for  twenty  years,  as  above  stated, 
but  does  not  include  the  repairs  which  may  become  necessary  in  the 
mean  time. 

Periodical  appropriations  will  be  needed  for  pier-extension,  repairs, 
and  dredging.  - 

Money  statement. 

July  1,  1876,  amount  available $361  83 

Amount  appropriated  by  act  approved  August  14,  1876 8,000  00 

$3, 361  83 

July  1,  1877,  amount  expended  during  fiscal  year 874  72 

July  1,  1877,  outstanding  liabilities 3,415  86 

4,890  58 

July  1, 1877,  amount  available 4,071  25 

Amount  (estimated)  required  for  completion  of  existing  project 80, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879. .  17, 000  00 


report  op  mr.  w.  h.  hearding,  assistant  engineer. 

United  States  Engineer  Office, 

Milwaukee,  May  28,  1877. 

Sir  :  In  obedience  to  your  orders  of  tbe  25th  ultimo,  directing  me  to  make  resurveyB 
of  the  harbors  of  Kenosha  and  Racine,  Wis.,  I  have  the  honor  to  state  that  as  soon  as 
I  had  made  the  necessary  preparations  I  proceeded  on  the  27th  ultimo  to  carry  out  your 
instructions,  first  in  reference  to  Kenosha,  taking  with  me,  as  an  assistant,  Mr.  J.  P. 
Vose. 

The  prevalence  of  a  northeast  wind  retarded  operations  somewhat,  by  reason  of 
which  the  survey  was  not  completed  until  the  evening  of  Saturday,  the  5th  instant. 

By  comparing  the  accompanying  map  with  the  plat  of  survey  made  in  1870,  it  will 
be  seen  that  important  changes  have  been  made  at  this  harbor,  the  shore  accretion  on 
tbe  north  of  tbe  harbor  channel  having  formed  eastward  to  a  distance  of  140  feet. 

To  obtain  at  once  a  clearer  perception  of  the  quantity  of  drifted  material  which 
has  accumulated  than  will  be  readily  observed,  except  by  a  close  scrutiuy  of  the  plan, 
I  have  selected  3  sections,  AB,  CD,  EF,  from  the  lines  of  levels  taken. 

By  referring  to  section  EF,  it  will  be  seen  that  at  a  mean  distance  of  30  feet  lake- 
ward  from  the  shore-line  of  1870  the  accumulation  of  sand  and  gravel  has  been  depos- 
ited to  an  average  thickness  of  7^  feet  above  mean  lake  level  for  the  whole  length  of 
the  sect i on n  orth  of  the  pier;  and,  furthermore,  where  there  was  a  depth  of  7  feet  of 
water  in  1870  there  is  now  a  thickness  of  sand  and  gravel  above  mean  lake  level  of  7 
feet,  equal  to  a  depos't  of  14  feet  of  drifted  material.  This  section  also  shows  that  the 
accretion  is  nearly  on  a  level  with  the  top  of  the  highest  portion  of  tbe  pier. 

The  sections  AB  and  CD  show  the  relative  heights  of  the  pier  and  adjacent  accre- 
tions north. 

On  section  CD,  at  a  distance  of  80  feet  from  the  pier,  the  height  of  the  drift  is  7-ft- 
feet  above  the  top  of  the  pier. 

Section  AB  shows  the  effect  of  the  action  of  tbe  water  back  of  the  pier  and  adjacent 
accretions. 

During  the  prevalence  of  northerly  winds  some  of  the  light  dry  sand  is  carried  from 
the  banks  into  the  channel. 

The  changes  in  tbe  lake  bed  are  not  less  marked  than  those  on  shore,  a  bank  having 
formed  which  runs  parallel  with  the  shore-line,  carrying  from  6  to  8  feet  of  water  upon 
its  crest.  Iu  1870  there  was  an  average  depth  of  15  feet  of  water  where  the  line  which 
delineates  the  outer  9-leet  curve  now  runs. 

The  line  of  12  feet  of  water  would  overlap  the  present  extremity  of  the  north  pier, 
but  for  the  effect  produced  upon  the  lake-bed  by  the  breaking  of  the  waves  upou  the 
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pier-bead,  the  sand  is  removed  by  tbe  agitat  ion  of  the  water,  and  is  carried  during  north- 
east storms  across  or  in  front  of  tbe  channel,  and  is  there  deposited.  I  assume  this 
theory  to  bo  correct,  for  I  can  in  no  other  way  account  for  the  shoal  which  is  forming 
to  the  southeastward  of  the  south  pier,  and  which  threatens  to  become  a  serious  ob- 
struction to  the  navigation  of  the  harbor  channel. 

During  the  months  of  June  and  July,  1875,  the  channel  was  dredged  to  the  full 
depth  of  15  feet  for  its  entire  length  from  the  basin  to  the  deep  water  of  Lake  Michi- 
gan- 

The  authorities  of  tbe  city  of  Kenosha  have  lately  authorized  the  expenditure  of  a 

small  sum  of  money  for  dredging-purposes  at  the  harbor  entrance. 

The  washing  away  of  tbe  banks  to  the  northward  of  the  inner  or  west  end  of  the 
north  pier  has  contiuued  in  its  operation,  and  the  owners  of  the  property  facing  the 
east  side  of  the  basin  should  rake  measures  to  arrest  this  action. 

The  line  of  wharves  inside  the  harbor  basin  has  been  considerably  increased  within 
tbe  past  two  years,  and  while  commenting  upon  this  fact,  it  may  be  proper  to  direct 
jour  attention  to  tbe  incre*sed  size  and  position  of  that  which  covers  the  outlet  of 
Pike  Creek,  upon  which  a  flouring- in  ill  has  been  built.  Should  the  commerce  of  the 
place  ever  require  the  utilization  of  the  river  banks  to  the  westward  of  the  basin,  the 
removal  of  this  wharf  would  become  a  matter  of  necessity  to  the  free  ingress  and 
egress  of  vessels.  The  sectiuu  of  the  north  pier  termed  the  high  section,  which  is  185 
feet  in  length,  is  becoming  very  much  dilapidated,  and  the  superstructure  should  be 
removed  and  replaced  with  new  work.'  The  section  immediately  east  of  this,  built  in 
1368,  also  requires  slight  repairs. 

A  section  of  the  south  pier  immediately  east  of  tbe  warehouse  is  tilted  toward  the 
channel,  caused  probably  by  the  work  of  the  dredge  under  the  city  authorities. 

Before  endeavoring  to  give  an  estimate  in  detail  of  the  cost  of  putting  the  existing 
works  in  thorough  order  and  the  probable  work  required  in  the  future,  as  directed  by 
tout  order,  it  may  be  well  to  note  the  rate  of  advance  made  by  tbe  shore-line  through 
accretion,  taking  as  a  basis  for  such  estimate  tbe  increased  accumulation  of  drift  sinee 
the  snrvey  was  made  iu  May,  1870.  The  growth  of  the  beach  outward  from  this  cause 
has  been  at  the  rate  of  19  feet  per  annum. 

Tbe  distance  from  the  present  intersection  of  the  shore-line  with  the  north  side  of 
tbe  pier  to  the  outer  extremity  of  tbe  same  is  410  feet.  At  such  a  continued  rate  the 
time  occupied  in  forming  the  beach  to  tbe  end  of  the  pier  would  be  21|  years,  but  as 
an  estimate  of  the  distance  to  which  the  line  of  12  feet  of  water  would  be  carried  dur- 
ing such  a  period  cao  only  be  conjectural,  I  can  ouly  assume  that  it  w:ll  or  may  be  pro- 
portional to  the  outgrowth  of  tbe  beach. 

To  insure  a  navigable  depth  of  water  between  tbe  piers  for  such  a  length  of  time  it 
may  be  safely  stated  that  the  north  pier  should  be  extended  400  feet  into  the  lake  upon 
a  due  east  line,  and  the  south  pier  to  a  probable  distance  of  500  feet.  Tbe  cribs  for  tbe 
north -pier  extension  to  be  24  feet  in  width,  and  those  of  the  south  20  feet  wide.  The 
north-pier  extension  to  be  built  first,  or  until  the  effect  of  such  extension  upon  the 
lake-btd  on  the  line  of  the  south  pier  is  determined. 

Taking  the  present  prices  of  materials  and  labor  as  a  basis  of  cost,  an  estimate  for 
the  bauie  would  be  as  follows,  viz  : 

For  1  crib  of 50'  X  24'  X  22$',  set  upon  a  etone  foundation. 

For   20  cords  of  stone  foundation. 
For  147  cords  of  stone  in  crib. 
For     5  cords  of  stone  in  interval. 

For  172  cords  of  stone  in  bowlders,®  $10.50 $1,806  00 

For  6,121  linear  feet  of  pine  timber,  ra)  22  cents 1, 346  62 

For  9,859  ponuds  of  iron  bolts,  %  4  cents 394  36 

For  3,300  feet  (B.  M.)  of  3-inch  plank,  laid,  <2>  $18 59  40 

For  200  pounds  of  iron  spikes,®  5  cents \ 10  00 

Fir  12  cords  of  brush,  ®  $5 60  00 

For  framing  6.121  linear  feet  of  timber,  ®  13  cents 795  73 

For  3  fender-piles,  driven,®  $10 30  00 

For  50  feet  cap  of  framed  oak,  12  inches  by  12  inches,  ®  46  cents 23  00 

For  60  pounds  of  screw-bolts,  ®  6  cents - 3  60 

4, 528  71 
Add  10  per  cent,  for  contingent  expenses 452  87 

Total  cost  of  one  crib 4,981  58 

Total  estimate  of  cost  of  8  cribs  =  400'  pier 39,852  64 

The  cost  of  extending  the  south  pier  to  a  distance  of  500  feet  would  approximate  as 
follows: 
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Coat  of  1  crib  50'  X  20'  X  18£': 

For    18  cords  of  bowlder-stone  for  foundation. 
For  100  cords  of  bowlder-stone  in  crib. 
For     5  cords  of  bowlder-stone  in  interval. 

For  123  cords  of  stone,  ®  $10.50 $1,291  50 

For  4,313  linear  feet  of  pine  timber,®  22  cents - 948  06 

For  6,393  pounds  of  iron  bolts,®  4  cents 255  72 

For  2,700  feet  of  3-inch  plank,  laid,®  18  cents 48  60 

For  175  pounds  of  iron  spikes,®  5  cents 8  75 

For  10  cords  of  brush,  (iu  interval,)  ®  $5 50  00 

For  framing  4,313  linear  feet  of  pine  timber,®  13  cents 56069 

For  3  fender-piles,  driven,  ®  $10 30  00 

For  50  feet  cap-timber,  oak,  for  piles,  ®  46  cents 23  00 

For  60  pounds  of  screw-bolts,  6  cents 3  60 

3, 220  72 
Add  10  per  cent  for  contingent  expenses 322  07 

Cost  of  crib 3,542  79 

Total  cost  of  10  cribs  for  south  pier 35,427  90 

Total  cost  of  8  cribs  for  north  pier 39,852  64 

Total  estimate  of  cost  of  pier  extension 75,280  54 

The  cost  of  putting  the  existing  works  in  good  order  would  be  as  follows,  as  nearly 
as  can  be  estimated  : 

For  raising  the  superstructure  2  feet  in  height  over  the  section  of  north  pier  at  its 
west  end  362  feet  in  length. 

For  1  824  linear  feet  of  pine  timber,  framed  in  work,  ®  32  cents., $5^3  68 

For  3,403  pounds  of  iron  bolts,®  4  cents 136  12 

For  80  cords  of  stone  ballast,®  $10.50 840  00 

Total 1,559  80 

For  sheet-piling  in  rear  of  above  section,  362  feet,  ®  $4  per  running  foot....     1, 448  00 

For  cutting  down  and  replacing  high  section  185  feet  in  length  by  9  feet  in  height. 

For'cutting  down  old  work,  ®  $1  per  foot $1H5  00 

For  6,986  linear  feet  of  pine  timber,  framed  in  work,  ®  32  cents 2, 235  52 

Forwll,262  pounds  of  iron  bolts,®  4  cents 450  48 

2,871  00 

RECAPITULATION. 

For  raising  superstructure,  west  end  of  north  pier $1,559  80 

For  sbe^t-piling  in  rear  of  above  section *  1,448  00 

For  cutting  down  and  rebuilding  high  section 2,871  00 

5, 878  80 
Add  10  per  cent,  for  contingent  expenses 5$7  86 

6, 466  68 

Besides  this,  dredging  to  the  extent  of  10,000  cubic  yards  at  the  harbor  entrance  is 
required,  which,  at  25  cents  per  yard,  would  cost  $2,500. 

I  have  not  included  this  item  iu  the  estimate  of  necessary  repairs,  for  the  reason  that 
the  benefit  to  be  derived  thereby  would  be  ouly  temporary.  The  services  of  a  dredg- 
ing-machine  will  be  required  coutinually  unless  nieaus  are  provided  for  extending  the 
piers.  This  method  of  maintaining  a  channel  of  navigable  water  is  unsatisfactory, 
for  the  reason  that  one  storm  will  frequently  fill  up  a  trench  which  has  taken  au  effi- 
cient dredging- machine  two  or  three  weeks  to  excavate,  and,  also,  the  masters  of  vessels, 
even  when  in  stress  of  weather,  will  prefer  to  encounter  risk  outside  than  to  attempt 
to  enter  an  uncertain  channel. 

The  commerce  of  Kenosha  has  felt  the  depression  which  has  pervaded  the  whole 
country  for  the  past  two  years,  yet  by  the  following  statement,  which  I  obtained  from 
the  deputy  collector,  and  from  the  general  tone  of  feeling  which  prevails,  I  assume  that 
the  prospects  of  an  increase  iu  trade  for  Kenosha  are  not  less  bright  thau  iu  other 
towns  of  similar  size. 
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The  exports  for  the  past  year  were  40,000  bnsbels  of  oats,  5,000  bnsbelB  of  flax-seed, 
150,000  pounds  of  wool.  50,000  pounds  of  hides,  560,000  pounds  of  fish  ;  other  produce 
to  the  value  of  $100,000.  The  country  in  the  neighborhood  of  Kenosha  is  chiefly 
devoted  to  dairy-farming.  Ou  many  estates  as  many  as  from  100  to  400  milch-cows  are 
kept.  I  could  not  obtaiu  the  quantity  of  butter  made,  but  should  estimate  it  at  200 
tons  annually. 

Quite  extensive  manufactures  of  agricultural  implements  are  in  active  operation. 
Thirty  thousand  bushels  of  malt  are  made  annually. 

The  principal  imports  for  manufacturing  purposes  during  the  year  were  6,500  tons 
of  coal,  5,500  cords  of  wood,  3,000  barrels  of  salt,  2,000  cords  of  tan-bark,  1,200  tons  of 
pig-iron,  1,225  tons  of  bar-irou,  11,650,000  feet  (board  measure)  of  pine  lumber,  750,000 
itet  (board  measnre)  of  bard-wood  lumber,  200  cords  of  stone,  260  barrels  of  oil  and 
turpentine,  156,000  pounds  of  white  lead. 

It  is  expected  that  the  Kenosha  and  Rock  ford  Railroad  will  extend  the  road  from  its 
present  terminus,  west  of  the  city,  down  to  the  basin,  which  will  facilitate  the  busi- 
ness of  the  place. 

Respectfully  submitted  by  your  obedient  servant, 

W.  H.  Hbardino, 

Assistant  Engineer. 

Brevet  Colonel  D.  C.  Houston, 

Major  of  Engineers,  U.  S.  A. 


Z4. 
IMPROVEMENT  OF  FOX  AND  WISCONSIN  RIVERS. 

At  the  commencement  of  the  fiscal  year  the  principal  works  in  prog- 
ress were  as  follows: 

Construction  of  locks  of  stone  masonry  at  Grand  River,  Princeton, 
White  River,  Berlin ;  Eureka,  second  lock  at  Appleton  ;  Upper  Com- 
bined lock,  Little  Chute;  third  and  fourth  locks,  Kaukauna ;  dams  at 
the  Cedars,  Little  Chute  Kaukauna,  Rapid  Croche,  and  Little  Kau- 
kauna.   Two  dredges  were  also  at  work  on  the  Upper  Fox. 

It  was  expected  to  complete  all  of  the  works  above  mentioned  last 
season,  and  also  to  excavate  canals  and  construct  dams  at  all  the  locks 
on  the  Upper  Fox,  but  the  delay  in  making  appropriations  retarded 
operations,  and  when  the  appropriation  was  made,  August  14, 1870,  the 
total  amount  was  not  allowed  to  be  expended. 

It  was  not  until  September  14,  1876,  that  the  allotment  of  $120,000 
was  made.  This  rendered  it  necessary  to  limit  the  work  to  what  was 
deemed  indispensably  necessary.  The  main  masonry- walls  of  the  locks 
above  mentioned,  except  coping,  were  completed  last  season.  At  Eureka 
lock  aud  Upper  Combined  lock  the  coping  was  finished.  The  dams  at 
the  Cedars,  Little  Chute,  aud  Little  Kaukauna,  except  earth-filling  at 
the  first  two,  aud  some  stone  riprapping  at  the  latter,  were  nearly  fin- 
ished. The  dam  at  Rapid  Croche,  except  a  gap  of  about  75  feet,  and 
a  dam  at  Kaukauna,  except  a  break  of  about  125  feet,  and  filling  above 
dam,  were  uearly  finished.  On  the  2lst  of  April,  1877,  I  was  notified 
that  the  balance  of  the  appropriation  of  1876,  $150,000,  had  been  made 
available,  and  operations  were  at  once  resumed  on  the  Lower  Fox  with 
a  view  to  openiug  the  line  for  navigation,  completing  all  new  work  aud 
putting  the  old  locks  in  working  order. 

The  line  was  open  for  navigation,  as  far  as  locks  are  concerned,  on 
June  1,  from  Portage  City  to  Gieen  Bay. 

The  work  done  this  season  has  been  as  follows: 

Menasha  lock,  (old.) — This  lock  has  been  pumped  out;  a  new  upper 
miter-sill  put  in ;  a  portion  of  lock-chamber  replauked ;  lower  wing- 
walls  repaired,  aud  lock  put  in  good  working  order.  The  caual-bauks 
were  repaired. 
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Appleton  second  lock,  (neic.) — The  filling  behind  lock-walls  has  be6n 
completed.  The  foot  of  lower  wing- walls  protected  by  stone  facing; 
coping  for  lock  has  been  quarried,  and  mostly  dressed,  and  117  linear 
feet  delivered  at  lock. 

Cedars  Dam,  (new.) — Ninety-one  cubic  yards  of  slope-wall  have  been 
laid,  and  110  yards  of  earth-tilling  placed  in  rear  of  same;  2,800  yards 
of  clay  and  gravel  filling  have  been  placed  above  dam. 

Combined  locks  at  Little  Chute,  (new.) — The  dry  stone  and  slope  walls 
have  been  completed  and  the  filling  behind  the  lock-walls;  a  small 
amount  of  coping  to  be  laid  will  complete  these  locks. 

Kaulcauna  bam,  (new.) — Materials  tor  closiug  break  in  this  dam  have 
been  procurred  and  the  north  abutmeut  of  masoury  nearly  completed. 

Kaukauna  third  and  fourth  locks,  {new.) — The  filling  behind  lock-walls 
is  nearly  completed,  also  the  upper  wing-walls.  The  coping  is  being 
quarried  at  quarry  near  at  hand. 

Rapid  Croche  Dam,  (new.) — This  dam  is  about  finished,  except  clay  and 
gravel  filling  above  dam. 

Little  Kaukauna  Dam,  (new.) — One  hundred  and  sixty  cubic  yards  of 
riprapping  have  been  placed  below  the  dam,  and  stone  quarried  for 
coping  to  abutments  delivered. 

Depere  lock,  (old.) — This  lock  has  been  thoroughly  repaired;  new 
gates  put  iu ;    new  wing- walls,  and  portions  of  the  walls,  rebuilt. 

Eureka  Dam,  (new.) — The  construction  of  permanent  dam  .at  this  point 
has  been  commenced. 

Grand  River  lock,  (neio.) — The  construction  of  wing-walls  has  been 
commenced  at  this  point. 

General  repairs  have  been  made  to  all  the  old  works,  such  as  putting 
in  new  gates,  raising  canal  banks,  stopping  leaks,  &c,  incidental  to 
opening  navigation.  New  gates  are  being  constructed  to  replace  old 
gates  where  necessary.  A  dredge  is  at  work  on  the  Lower  Fox  remov- 
ing obstructions,  improving  channels,  aud  digging  gravel  for  filling 
above  dams.  One  dredge  is  at  work  excavating  canal  at  Berlin,  and 
another  at  Grand  River  Canal. 

It  is  expected,  early  this  season,  to  entirely  complete  all  new  work  on 
the  Lower  Fox,  and  to  put  the  line  in  the  best  working  order  practica- 
ble; to  complete  the  locks  at  Berlin,  White  River,  Princeton,  aud 
Grand  River,  Upper  Fox ;  to  excavate  the  canals  at  those  places  for  a 
width  of  50  feet;  coustruct  permanent  dam  at  Eureka,  and  temporary 
dams  at  the  other  locks  on  the  Upper  Fox. 

The  coping  on  the  four  locks  above  mentioned  may  not  be  laid  this 
season,  but  it  will  probably  be  got  out  at  quarry  on  Lower  Fox,  and 
transported  after  completion  of  dams  on  Upper  Fox. 

The  total  new  work  expected  to  be  completed  this  season  will  be,  10 
locks  of  stone  masonry;  1  dam  of  stone  masonry;  5  dams  of  timber 
cribs  filled  with  stone;  1  dam  of  timber  flooring  and  stone  abutments, 
with  navigable  pass  at  Eureka  lock ;  5  temporary  dams,  which  will  serve 
the  purpose  of  diverting  the  river  through  uew  cuts  and  over  permanent 
dams  on  Upper  Fox ;  the  excavatiou,  75  feet  wide  and  6  feet  deep,  of 
Portage  Canal,  2£  miles  long,  and  revettiug  the  banks  of  same  with  pile 
and  timber  docking  ;  excavatiou  of  canal  at  Eureka  lock,  100  feet  wide, 
5  feet  deep,  and  1,450  feet  long;  at  Berlin,  50  feet  wide,  5 feet  deep,  and 
2,400  feet  long;  at  White  River,  50  feet  wide,  5  feet  deep,  and  1,150  feet 
long;  at  Princeton,  50  feet  wide,  5  feet  deep,  and  1,000  feet  long;  at 
Grand  River,  50  feet  wide,  5  feet  deep,  and  2,000  feet  long. 

The  old  locks  will  all  have  been  put  in  as  good  condition  as  they  will 
admit;  several  of  them  are  in  excellent  condition;  new  gates  have  been 
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put  in  where  required.  A  large  amount  of  dredging  has  been  done  in 
the  canals  and  river;  canal-banks  have  been  raised  and  strengthened, 
waste-weirs  put  in,  and  a  large  amount  of  miscellaneous  work  necessary 
to  maintain  the  old  work. 

There  are  now  on  the  Lower  Fox  6  masonry  locks;  5  of  the  old  locks 
are  in  good  condition,  and  should  last  several  years.  There  reinaiu  7 
locks  which  should  be  replaced  or  thoroughly  repaired ;  new  locks  can 
be  constructed  alongside  the  old  without  interrupting  navigation.  The 
dam  at  Depere  should  be  rebuilt,  but  it  is  believed  that  it  should  be 
done  by  the  water-power  interests  at  that  place,  if  not  wholly,  in  part 
at  least.  It  is  probable  that  some  satisfactory  arraugement  may  be 
made. 

The  lower  dam  at  Appleton  will  probably  need  to  be  rebuilt  before 
long.  Ou  the  Upper  Fox  a  new  guard-lock  should  be  built  as  soon  as 
funds  are  provided ;  the  lock  at  Governor's  Bend  will  have  to  be  rebuilt ; 
permanent  dams  constructed  at  Grand  River,  Princeton,  White  River, 
and  Berlin.  After  this  work  is  done,  and  while  in  progress,  an  immense 
amount  of  dredging  will  be  required  on  the  Upper  Fox,  to  deepen, 
widen,  and  shorten  the  channel. 

The  work  after  this  season  should  show  continuous  improvement  in  the 
navigation  of  the  Fox  River,  and  will  be  the  result  of  the  work  which 
has  already  beeu  done. 

On  the  Wisconsin  River  nothing  has  been  done  since  1875,  the  funds 
available  being  all  required  for  operations  on  the  Fox,  where  the  work 
was  of  a  more  expensive  character.  I  made  an  examination  of  a  por- 
tion of  the  Wisconsin  River  on  June  8,  on  the  steamer  Winueconne, 
drawing  27  inches.  For  a  distance  of  12  miles  below  Portage  City, 
where  the  dams  are  continuous  and  the  work  approximates  completion, 
we  had  no  difficulty,  but  below  that  point  we  were  unable  to  proceed. 
This  section  includes  some  of  the  worst  places  in  the  rioer. 

Appended  to  this  report  is  a  iist  of  soundings  taken  in  the  channel  for 
12  miles  below  Portage  City.  It  will  be  observed  that  there  are  only  3 
souudings  less  than  4  feet,  the  lowest  being  3  feet  ou  au  old  timber 
dam.  The  stage  of  water  was  very  low,  0.4  of  a  foot  above  low  water 
of  1867.  No  work  has  been  done  on  the  river  since  1875,  and  a  few  of 
the  dams  have  settled  so  as  to  divert  a  portion  of  the  current  from  the 
channel.  Had  the  dams  been  maintained  as  they  could  have  been  at  small 
expense,  I  am  satisfied  that  the  channel  would  have  improved  still  more. 
This  examination  has  confirmed  me  in  the  views  heretofore  expressed 
as  to  the  practicability  of  the  system  of  improvement  adopted,  aud  it 
will  not  be  necessary  to  expend  any  more  money  to  deteriniue  this  point. 

Only  a  small  amount  can  be  spared  in  any  case,  so  that  no  immediate 
benefit  could  be  obtained.  Some  repairs  are  needed,  but  it  will  cost 
more  to  organize  a  special  force  for  this  purpose  than  to  make  more  ex- 
tensive repairs  when  funds  are  provided  to  go  on  with  the  work  and  a 
large  force  organized.  It  is  useless  to  attempt  further  operations  on  the 
Wisconsin  without  sufficient  funds  to  carry  on  the  work  to  advantage. 

The  funds  now  available  will  all  be  needed  to  carry  out  the  project  of 
operations  on  the  Fox  River. 

It  is  important  that  funds  be  provided  to  maintain  the  dams  already 
built,  and  to  go  on  with  the  improvement  of  the  river. 

The  cost  of  maintaining  these  dams  would  be  inconsiderable  if  attended 
to  in  time;  a  small  steamer  with  two  scows  and  a  small  party  could  keep 
up  the  dams  the  entire  length  of  the  river. 

The  method  of  improvement  adopted  has  been  pronounced  impracti- 
cable by  Maj.  G.  K.  Warren,  of  the  Corps  of  Eugiueers,  in  his  report  of 
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November  26,  1875.  I  do  Dot  deem  it  necessary  to  discuss  the  matter, 
as  I  consider  the  question  practically  solved  in  favor  of  the  method. 
Much  experience  has  been  gaiued, especially  in  1875,  the  last  year  of  the 
work,  and  much  more  is  to  bo  learned  to  secure  the  best  results. 

At  the  same  time  I  made  the  examination  above  meutioned  ou  the  Wis- 
consin, I  took  the  boat  down  to  axfew  miles  below  Montello,  ou  the  Fox 
Kiver,  a  distance  of  33  miles. 

From  Portage  to  Montello  the  system  of  slack-water  has  been  estab- 
lished,* and  an  immense  amount  of  dredging  has  been  done  in  former 
years.  The  navigation  of  the  Wisconsiu  for  the  distance  gone  is  decid- 
edly better  than  that  of  this  portion  of  the  Upper  Fox,  and  I  am  satisfied 
that  by  the  method  pursued  the  Wisconsin  River  channel  can  be  made 
fully  as  good,  if  not  better,  than  the  Upper  Fox  admits  of  at  any  reason- 
able expense.  It  seems  to  me  that, all  things  considered,  the  true  policy 
(even  if  a  canal  should  ultimately  be  made  along  the  Wisconsin  River, 
and  in  view  of  the  cost  of  improving  the  Upper  Fox)  is  to  continue  the 
improvement  of  the  Wisconsiu  River  channel  to  the  fullest  extent  it 
admits  of.  In  this  way,  at  least  partial  benefit  will  be  more  speedily 
secured. 

I  concur  with  Major  Warren  in  his  recommendation  that  an  immedi- 
ate and  thorough  survey  be  made  for  determining  the  best  route  for  a 
canal  along  the  valley  of  the  Wisconsin  River. 

The  object  of  this  work  is  to  establish  a  water  route  from  the  Upper 
Mississippi  to  the  lakes,  by  which  transportation  will  be  cheapened. 

The  arguments  on  this  subject  are  fully  given  in  the  report  of  Maj.  G. 
K.  Warren,  Corps  of  Engineers,  Report  of  Chief  of  Engineers  for  1868, 
page  357,  and  in  the  report  of  the  Select  Committee  on  Transportation- 
Routes  to  the  Seaboard,  United  States  Senate,.  1874. 

I  transmit  herewith  reports  of  Capt.  G.  J.  Lydecker  and  First  Lieut. 
F.  A.  Hiuman,  Corps  of  Engineers,  United  States  Army. 

The  amount  of  tolls  collected  during  the  year  ending  J nne  30,  1877,  is  $653.36;  re- 
quired to  be  reported  annually  by  act  of  Congress  approved  July  7,  1870. 

Navigation  was  interrupted  most  of  the  year  by  the  building  of  locks. 

Money  statement. 

July  1,  1876,  amount  available $159,442  17 

Amount  appropriated  by  Act  approved  August  14,  1876 270, 000  00 

$429,  442  17 

July  1, 1877,  amount  expended  during  fiscal  year 269,448  68 

July  1,  1877,  outstanding  liabilities 14,685  48 

284, 134  16 

July  1,  1877,  amouut  available 145,308  01 

Amount  (estimated)  required  for  completion  of  existing  project 2,975,663  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1879 750,000  00 


FOX  RIVER. 

report  of  captain  g.  j.  lydecker,  corps  op  engineers. 

United  States  Engineer  Office, 

Milwankeey  Wis.,  July  7,  1877. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  operations  on  the  improve- 
ment of  that  portion  of  the  Fox  River  which  was  in  my  charge  duriug  part  of  the 
fiscal  year  ending  June  30,  1877. 

The  report  covers  operations  from  the  beginning  of  the  year  until  the  end  of  April, 
1877,  at  which  time  I  was  relieved  from  duty  under  your  orders. 
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Tbe  main  object  in  view,  at  the  opening  of  the  season,  was  the  completion  of  the  new 
locks  on  the  Upper  Fox,  and  of  the  pew  locks  and  dams  on  the  Lower  Fox.  These 
had  all  been  commenced  during  the  preceding  fiscal  year,  and  at  the  beginuing  of  the 
present  year  were  in  various  stages  of  progress,  some  showing  but  a  bare  beginning, 
while  others  were  well  on  toward  completion,  as  explained  in  detail  hereafter. 

On  the  Lower  Fox  it  was  especially  desired  to  complete  all  works,  so  far  as  neces- 
sary to  re-open  navigation  from  Green  Bay  to  Lake  Winnebago,  early  in  the  fall. 

From  various  canses,  the  principal  of  which  were  a  lack  of  sufficient  funds  and  the 
continuance  of  a  very  unusually  high  stage  of  water  throughout  the  season,  we  were 
onable  to  accomplish  all  that  bad  been  expected  ;  but,  considering  the  obstacles  in  the 
way,  the  amount  of  work  done  is  a  very  satisfactory  showing.  The  masonry  of  all  the 
locks  was  completed,  except  coping ;  the  new  dams,  on  the  Lower  Fox,  except  that 
at  Rapid  Croche,  were  finished  with  the  exception  of  placing  a  backing  of  clay  and 
gravel,  which  is  designed  to  give  them  increased  stability.  The  little  Kaukanna  dam 
was  the  only  one  at  which  any  considerable  amount  of  this  backing  was  placed. 

Navigation  of  the  Lower  Fox  was  finally  re-established  early  in  November. 

The  following  outline  of  operations  at  each  point  is  respectfully  submitted  : 

1.   GRAND  RIVER  LOCK. 

The  work  of  building  the  new  lock  at  Grand  River  had  been  suspended  in  March, 
1876,  at  which  time  the  pile  and  timber  work  of  foundations  had  been  completed.  Oper- 
ations were  not  resumed  until  the  middle  of  July  followiug,  the  site  haviug  been  en- 
tirely under  water  during  that  period.  The  pit  was  then  pumped  out,  and  by  the 
beginning  of  August  everything  was  ready  for  laying  concrete  of  foundations. 

This  was  completed  August  12,  and  by  the  end  of  the  month  the  flooring  and  miter- 
sill  platform  had  been  finished.  The  masonry  of  walls,  coping  excepted,  was  laid  from 
August  22  to  October  14.  In  the  mean  time,  while  this  was  in  progress,  the  river  sud- 
denly rose  to  freshet  stage,  (September  5,)  flooded  the  lock-site,  and  put  .a  stop  to  all 
work  nntil  Sept-ember  26,  a  period  of  three  weeks. 

After  completing  the  masonry  of  wails,  the  gates,  which  had  been  built,  were  stored 
with  their  irons,  valves,  &c,  and  it  became  necessary  to  suspend  all  further  operations 
on  this  work  owing  to  lack  of  available  funds. 

The  chamber-walls  of  this  lock  are  14.5  feet  high,  exclusive  of  coping ;  their  thick- 
ness at  bottom  is  7.5  feet. 

Principal  items  of  material  and  labor  in  the  work  at  time  of  suspension  were  as 
follows : 

9, 427  cnbic  yards  excavation  for  lock-pit. 
513  (7,778  linear  feet)  bearing-piles  in  foundations. 
117,520  feet,  B.  M.,  timber  in  foundations,  platforms,  &c. 

47,b*46  feet,  B.  M.,  plank  flooring,  sheet-piling,  &c. 
213.  1  cubic  yards  concrete  foundations. 

1,657.37  cubic  yards  masonry  in  walls. 

8,671  pounds  iron,  bolts,  &c. 

In  order  to  complete  this  work,  the  upper  slope-walls  and  lower  wings  have  yet  to 
be  built;  stone  for  copiug  obtaiued  and  laid  ;  earth  filling  embanked  against  walls ; 
gates  and  valves  to  be  hung,  their  maneuvering  apparatus  attached,  &c. 

2.   PRINCETON  LOCK. 

.The  foundations  of  this  lock  had  just  been  completed  at  the  opening  of  the  fiscal  year, 
it  which  time  the  work  of  placing  flooring  and  building  miter-sill  platform  was  in 
progress.  The  masonry  of  lock-walls  was  commenced  July  10,  and  fiuished  August  12, 
exclusive  of  coping.  The  construction  of  lower  wing-walls  was  then  commeuced,  and 
carried  to  a  height  of  6  feet,  the  excavation  for  slope- Walls  above  the  lock  was  also 
made,  but  owing  to  lack  of  funds,  and  the  requirement  of  limiting  expenditures  to  work 
absolutely  necessary,  all  operations  were  suspended  here  ou  the  25th  of  August. 

In  the  mean  time  the  gates  had  been  put  together  and  set  up,  but  not  securod  in 
place.  The  chamber-walls  of  this  lock  are  13  feet  high,  exclusive  of  coping;  their 
thickness  at  bottom  is  6.5  feet. 

In  addition  to  building  gates,  valves,  &c,  the  following  are  the  principal  items  in 
the  construction*  of  this  work  : 

8,051  cubic  yards  excavation  for  lock-pit. 
501  (7,980  linear  feet)  bearing  piles  iu  foundation. 
106,316  feet,  B.  M.,  timber  in  foundations,  platform,  &c. 
43,  l&i  feet,  B.  M.,  plank  iu  flooring,    heet-piliug,  &c. 
213.6  cubic  win  Is  concrete  iu  foundations. 

1,315. 5d  cubic  yards  masonry  iu  walls. 

8, 362  pounds  iron,  bolts,  &c. 

5,871  cubic  yards  embankment  against  walls. 
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In  order  to  complete  this  work  the  wing  and  slope  walls  have  to  be  finished,  the 
coping  to  be  obtained  and  laid,  the  embankment  behind  walls  finished,  and  the  usual 
auxiliary  work,  such  as  hanging  gates,  valves,  &c,  required  for  putting  the  lock  in 
working  order. 

3.  WniTE  RIVER  LOCK. 

The  masonry  of  look- walls,  except  coping,  had  been  com  pleted  at  the  beginning  of 
the  fiscal  year. 

During  the  months  of  July  and  August  the  lower  wing- walls  and  npper  slope-walls 
•were  built ;  lock-gates  put  together  and  set  up,  though  the  hangings  were  not  at- 
tached ;  platform-valves  and  their  maneuvering  apparatus  were  placed.  All  operations 
on  this  work  were  then  suspeuded.  The  chamber-walls  of  this  lock  are  15  feet  high, 
exclusive  of  coping.    Their  thickness  at  bottom  is  7.5  feet. 

In  addition  to  work  on  wing- walls,  gates,  valves,  &c,  the  following  are  the  principal 
items  of  labor  aud  materials  applied  to  the  construction  of  this  lock  : 

12, 705  cubic  yards  excavation  for  lock-pit. 

513  (8,949  linear  feet)  bearing-piles  iu  foundations. 
114,674  feet,  B.  M.,  timber  in  foundation,  platform,  Ac. 
48, 069  feet,  B.  M.,  plank  in  flooring,  sheet-pilings,  &c. 
210  cubic  yards  concrete  in  foundations. 
1, 653.89  cubic  yards  masonry  in  walls. 
8,  252  pounds  iron,  bolts,  &c. 

The  coping  of  lock-walls  remains  to  be  obtained ;  also  the  earth-embauktnent  iu  rear 
of  walls  is  to  be  placed  before  the  work  is  finished. 

4.  BERLIN  LOCK. 

Work  on  this  lock  had  been  commenced  in  July,  1875,  and  continued  to  December 
16,  1875,  at  which  time  the  timber-work  of  foundations  had  been  completed  and  opera- 
tions suspended.  * 

Th  y  were  not  resumed  until  September  13,  1876,  as  it  was  not  deemed  advisable  to 
do  anything  further  on  the  work  until  it  should  be  established  that  there  would  be 
hiillicient  money  to  do  so  without  interfering  with  the  com  .let ion  of  more  important 
works.  It  was  finally  decided  that  this  could  be  accomplished  by  changing  the  charac- 
ter of  face-masonry  by  which  we  were  enabled  to  utilize  small  stone  and  material 
which  had  been  left  over  at  the  other  works.  The  original  project  for  this,  as  for  the 
other  new  works,  contemplated  a  facing  of  cut  s'one  laid  iu  regular  courses  of  not  leas 
than  14  inches  rise,  but  in  the  modified  plan  small  stone,  hammered  to  a  rectangular 
shape,  were  used  below  the  water-Hue,  the  larger  cut  stone  which  were  already  on 
hand  being  then  sufficient  to  complete  i  he  work  above  this  line.  Accordingly,  the  look- . 
pit  was  pumped  out  and  cleaned  up  during  the  latter  part  of  September,  aud  the  con- 
crete for  foundations  put  in  by  October  11.  The  flooring  was  then  placed,  miter-sill 
platform  built,  and  masonry  of  lock-walls  commenced  October  19. 

The  masonry  (except  copiug)  was  completed  November  11,  when  operations  were 
suspended. 

The  chamber- walls  of  this  lock  are  13  feet  high,  exclusive  of  coping;  their  thick- 
ness at  bottom  6.5  feet. 

The  following  are  the  principal  items  of  labor  and  material  applied  to  the  construc- 
tion of  this  work : 

8, 270  cubic  yards  excavation  for  lock-pit. 
499  (7,644  linear  feet)  bearing-piles  in  foundations. 
107, 904  feet,  B.  M.,  timber  in  foundations,  platforms,  &g. 
41, 468  feet,  B.  M.,  plank  iu  flooring,  sheet-piling,  &c. 
211  cubic  yards  concrete  in  foundations. 
1, 301.48  cubic  yards  masoury  in  walls. 
8, 133.7  pounds  iron,  bolts,  &c. 
To  complete  the  work,  the  wing  and  slope  walls  have  to  be  built;  coping  obtained 
and  laid;  embankment  placed  against  walls;  gates,  valves,  maneuvering  apparatus, 
<fcc,  built  and  put  in  place. 

5.  EUREKA  LOCK. 

All  the  masonry  of  this  lock,  including  the  coping,  wing-walls,  and  slope-walls,  had 
been  completed  when  the  fiscal  year  opened.  The  gates  were  hnug,  valves  constructed 
and  put  in  place,  and  earth-embankmeut  filled  against  lock-walls  during  July  and 
August.  At  the  end  of  August  operations  were  temporarily  suspended  while  awaiting 
instructions  with  reference  to  further  expenditures.  Authority  to  complete  the  work 
having  been  given,  the  capstans  and  attachments  for  working  gates  were  built,  maneu- 
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vering-rods,  &c,  applied  to  valves,  and  the  lock  opened  to  navigation  by  the  end  of 
September. 
The  chamber-walls  are  15.5  feet  high,  their  thickness  at  base  being  7  feet. 
The  following  are  the  principal  items  in  this  lock  : 
1, 000  cubic  yards  excavation  for  lock-pit. 
410  (7,380  linear  feet)  bearing-piles  in  foundations. 
120, 997  feet,  B.  M.,  timber  in  foundations,  platforms,  &c 
53,800  feet,  B.  M.,  plank  in  flooring,  sheet-piling,  &c. 
153.5  cubic  yards  coucrete  in  foundations. 
1, 496  cubic  yards  masonry  in  walls. 
247.75  cubic  yards  dry-stone  wall  in  wings,  &c. 
25, 003  pounds  iron,  bolts,  &c,  including  castings. 

6.  APPLETON  SECOND  LOOK. 

On  this  work  the  masonry  of  walls  had  just  been  commenced  as  the  fiscal  year 
opened,  and  was  completed  October  7. 

In  the  meantime  the  valve-platforms  and  miter-sills  were  built,  and  during  October 
the  upper  slope-walls  were  built,  and  a  flooring  of  concrete  was  laid.  Temporary 
arrangements  for  working  gates  and  valves  were  made,  so  as  to  put  the  lock  in  work- 
ing order  by  the  first  of  November. 
About  3,000  cubic  yards  of  earth-filling  was  embanked  against  the  lock-walls. 
The  height  of  chamber- walls  to  bed  of  coping  is  18.2  feet  above  the  floor  of  lock, 
their  thickness  at  that  level  being  9  feet.  Their  foundations,  of  concrete,  are  carried 
about  6  feet  on  an  average  below  that  level. 

In  addition  to  work  on  gates  and  valves,  the  following  are  the  principal  items  ap- 
plied to  the  construction  of  this  lock : 

9,471  cubic  yards  excavation,  (tearing  out  old  lock,  &c.) 
3,269  cubic  yards  embankment  agaiust  walls. 
17,501  feet,  B.  M.,  timber  in  platforms,  &.o. 
3,820  feet,  B.  M.t  plank  in  platforms,  &c. 
3,615  cubic  yards  masonry  in  walls  and  foundations. 
121  cubic  yards  dry-stone  wall. 
100  cubic  yards  concrete  flooring. 
2,625  square  feet  flagging  under  valve-platform  ami  in  tail  bay. 
The  coping  of  walls,  construction  of  lower  wing-walls,  permanent  gate-hangings, 
ind  maneuvering  apparatus  are  yet  required  to  complete  the  work. 

7.  LITTLE  CHUTE  (UPPER  COMBINED)  LOCK. 

Masonry  work  which  was  in  progress  at  the  beginning  of  the  year  was  continued 
until  September  12,  when  the  walls  were  complete,  except  coping.  This  was  subse- 
quently placed  in  October.  In  the  mean  time  the  flooring  was  completed,  valve-plat- 
forms built,  temporary  arrangements  made  for  hanging  and  working  gates  and  valves, 
and  about  2,500  cubic  yards  of  earth  embanked  against  walls.  The  lock  was  then 
opened  for  navigation  early  in  November. 

The  height  of  chamber-walls  from  floor  to  top  of  coping  is  18.68  feet,  the  thickness 
at  floor-line  being  8.75  feet.  The  foundations,  of  concrete,  extend  3  feet  below  this 
level.  . 

In  addition  to  work  on  gates,  valves,  &c,  the  principal  items  applied  to  the  con- 
struction of  this  lock  are  as  follows : 
7, 109. 26  cubic  yards  excavation. 

2, 549. 4    cubic  yards  embankment. 

60, 644. 64-  feet,  B.  M.,  timber,  &o. 

36, 686       feet,  B.  M.,  plank. 

748. 52  cubic  yards  concrete  in  foundations. 
1,777.55  cubic  yards  masonry  in  walls. 
4, 911. 4    pounds  iron,  bolts,  &o. 

The  construction  of  upper  slope- walls,  permanent  gate-hangings,  &c,  and  additional 
filling  against  walls  are  required  to  complete  the  work. 

8.   KAUKAUNA  THIRD  LOCK. 

During  the  month  of  July  the  bed-rock  was  leveled  off,  and  preparations  made  for 
commencing  masonry  of  walls.  The  walls  were  commenced  July  12,  and  completed, 
except  coping,  October  7. 

Subsequently,  the  valve-platforms  were  built,  miter-sills  placed,  temporary  arrange- 
ments for  working  the  gates  and  valves  made  ;  about  1,000  cubic  yards  of  earth-em- 
banked against  head-walls  of  lock,  so  as  to  admit  of  navigation  being  opened  early 
in  November. 
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The  chamber- walls  of  this  lock  are  on  a  foundation  of  solid  rock,  17.53  feet  high  to 
bed  of  copiug,  and  8  feet  thick  at  bottom. 
The  principal  items  in  the  construction  of  this  lock  are  as  follows  : 
5,576  cubic  yards  excavation,  (tearing  out  old  lock.) 
16, 547  feet,  B.  M.,  timber  in  platforms  and  miter-sills. 
7, 034  feet,  B.  M.,  plank  in  platforms. 
l,798.fvH  cubic  yards  masonry  in  walls. 
In  order  to  complete  the  lock,  coping  must  be  obtained  and  laid;  slope  and  wing 
walls  constructed ;  permanent  gate-hangings  attached,  &c,  and  earth-filling  embanked 
against  walls. 

9.  KAUKAUNA,   FOURTH  LOCK. 

The  masonry,  having  been  started  about  the  close  of  the  preceding  fiscal  year,  was 
completed  September  16,  except  coping  of  walls.    After  that  the  valve-platforms  were 
built,  miter-sills  placed,  and  other  temporary  arrangements  made,  as  described  in  the 
preceding  paragraph  for  the  third  lock,  so  as  to  open  navigation  early  in  November. 
The  following  are  the  principal  items  in  the  construction  of  this  work  : 
6,051.46  cubic  yards  excavation. 
15,961  feet,  B.  M.,  timber  in  platform,  &c. 
6,324  feet,  B.  M.,  p'ank  in  platform. 
1,963.06  cubic  yards  masonry  in  walls. 
To  complete  the  lock  coping  is  required  ;  earth-filling  against  walls ;  the  construc- 
tion of  slope  and  wing  walls;  application  of  permanent  gate-hangings,  &c. 

The  following  tabular  statement  shows  the  principal  items  of  materials  and  labor 
applied  in  the  construction  of  locks  above  mentioned  up  to  January  1,  1877  : 


Name  of  work. 


1  Grand  River  lock 

2  Princeton  lock 

3  White  River  lock 

4  Berlin  lock 

5  Eureka  lock 

6  Apple  ton  (second)  lock. . 

7  Little  Chute  (upper  com 

bined)  lock 

8  Kaukauna  (third)  lock  . . 

9  Kaukauna  (fourth)  lock 

Totals , 


a 
© 

08 
H 


•    eS 

x3 


Cub.  yds. 

9,437 

8,  l«l 
12,705 

8,270 
11,000 

9,471 

7,109 
5,576 
6,051 


No. 
513 
501 
513 
499 
410 


77,  660  2,  136 


Lin.  feet 

7,778 
7,960 
8,940 

7,380 


39, 702 


s 


Feet,  (B.M ) 
117,520 
106,316 
114,674 
107,  904 
120,  997 
17,501 

60.644 
16,  547 
15,961 


M 

9 


J3  Co 

8.*° 


n 


a 


a  o 


678, 064 


Feet,  (B.  M.) 
47,646 
43,  168 
48,069 
41,468 
53,800 
3,820 

36,686 
7,034 
6,324 


288,015 


Cub.  yards. 
1,870.47 
1, 529. 18 
1,863.89 
1,  512.  48 
1,  654. 50 
3, 715. 00 

2,526.07 
1,  798.  58 
1,  963. 06 


I 


Lb*. 

8,671 
8,362 
8,252 
6, 133. 7 
25,003 
1,584 

4, 91t  4 

1,239 

1,212 


18,  43a  23  I    67,368.1 


10.   CEDARS  DAM. 

But  little  ifrogress  was  made  on  this  work  until  after  the  middle  of  August,  owing 
to  the  high  stage  of  water,  which  made  the  construction  of  coffer-dams  for  closing  the 
gap  almost  impracticable.  Work  was  carried  on,  however,  as  opportunity  offered,  and 
the  dam  was  finally  completed  December  20, 1876,  except  the  placing  of  clay  and  gravel 
backing. 

There  has  been  applied  to  the  construction  of  this  work  the  following  items  of  labor, 
&c,  exclusive  of  those  in  coffer-dams  and  other  auxiliary  works: 

864. 5  cubic  yards  dry-stone  wall  in  abutments. 
39.  42  cubic  yards  masonry  wall  in  abutments. 
278,924  feet,  B.  M.,  pine  timber  and  plank. 
17,602  pounds  iron,  bolts,  &c. 
1, 608  cubic  yards  embankment. 

11.   LITTLE   CHUTE  DAM. 

As  at  the  Cedars  so  here  but  little  was  accomplished  until  after  the  middle  of  August. 
Indeed  the  history  of  the  Cedars  is  also  that  of  the  Little  Chute  Dam.  The  latter  was 
completed,  except  clay  and  gravel  backing,  December  21,  1876. 

Principal  items  of  materials  and  labor  in  the  work: 

798  cords  stone  filling. 

393.  84  cubic  yards  dry  stone  wall  in  abutments. 
31. 63  cubic  yards  masonry  wall  in  abutments. 
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274, 889  feet,  B.  M.,  timber  and  plank. 
16,256. 32  pounds  iron,  bolts,  &o. 
2, 407  cnbic  yards  embankment. 

The  above  does  not  include  anything  used  simply  in  coffer-dams  and  other  anxiliary 
workf. 

12.   KAUKAUNA  DAM. 

Owing  to  high  water  no  attempt  to  close  the  break  of  the  preceding  spring  was  made 
it  this  work  during  the  summer.  And  subsequently  on  account  of  the  limited  funds 
available  it  was  decided  to  do  nothing  more  than  was  necessary  to  obviate  further 
damage  during  the  winter.  Accordingly  the  ends  of  the  dam  adjoining  the  break  were 
built  up  and  solidly  filled ;  protection  cribs  were  sunk  agaiust  each  of  these  ends  pro- 
jecting beyond  them  in  such  manner  as  to  secure  them  against  damage  by  ice  and 
other  floating  bodies.  This  was  done  during  the  months  of  October  and  November. 
-  Exclusive  of  materials  in  coffer-dams  and  other  auxiliary  work,  the  following  are 
the  principal  items,  applied  to  date,  in  the  construction  of  this  dam  : 

662.28  cords  stone  filling  in  dam. 
~      63.46  cubic  yards  dry  stone  wall  in  abutments. 
256,131       feet,  B.  M.,  timber  and  plank. 

12,168      pounds  iron  bolts,  &c. 

3,091      cubic  yards  embankment. 

13.  RAPID  CHOCIIE   DAM. 

As  originally  located,  the  south  end  of  this  dam  abutted  against  the  river-wall  of 
the  old  Rapid  Croche  lock.  At  the  commencement  of  the  past  y;ar  it  was  determined 
to  carry  the  dam  to  the  main  shore  cutting  through  the  old  lock.  By  so  doiug  the 
abutment  was  made  much  more  secure,  and  the  dam  lengthened  something  over  60 
feet,  a  point  of  considerable  importance,  as  this  dam  was  shorter  than  any  of  the 
others  on  the  Lower  Fox. 

The  necessary  coffer-dams  for  making  this  extension  were  built  in  July;  some  of  the 
bottom  timbers  were  placed  and  the  masonry  of  south  abutment  was  commenced  ;  in 
the  mean  time  the  work  of  filling,  sheathing,  and  coping  other  parts  of  the  dam  was 
going  on.  Owing  to  high  water,  but  slow  progress  was  made.  By  the  middle  of 
August,  however,  the  water  had  fallen  cqpsiderably,  and  operations  were  proceeding 
very  satisfactorily,  when,  unfortunately,  it  became  necessary  to  discharge  the  force, 
and  suspend  all  work  there  (August  26)  until  a  determination  had  been  reached  as  to 
the  application  of  the  new  appropriation.  Work  was  not  resumed  until  about  the 
middle  of  September,  and  from  then  until  the  1st  of  October,  most  of  the  time  was 
spent  in  repairing  damage  done  to  coffer-dams,  &c,  during. the  temporary  suspension 
of  operations.  Work  was  then  continued  until  December  5,  when  all  was  closed  for 
the  winter,  leaving  cribs  ready  placed  for  coffer-dam  of  the  "gap"  (in  length  about 
50  feet  at  bottom)  between  the  two  completed  portions  of  dam. 

The  principal  items  of  labor  and  materials  applied  to  this  work  up  to  date  of  sus- 
pension, are  as  follows : 

473  cords  of  stone  filling. 

106.75  cubic  yards  dry-stone  wall  in  abutments. 
13  cubic  yards  masonry  stone  wall  in  abutments. 
170, 328  feet,  B.  M.,  timber  and  plank. 
9,590  pounds  iron  bolts,  nails,  &o. 
2.776  cubic  yards  embankment. 

Materials  used  in  coffer-dams  and  other  auxiliary  work  do  not  appear  in  the  above 
statement. 

14.   LITTLE   KAITKAUNA  DAM. 

Considerable  damage  bad  been  done  to  this  structure  during  the  winter  of  lfctfS-W, 
as  described  in  my  last  annual  report.  Owing  to  continued  high  water,  it  was  impos- 
sible to  accomplish  mnch  in  the  way  of  repairs,  or  continuation  of  the  work,  until 
late  in  the  summer,  and  all  operations  here  were  attended  with  great,  difficulty  through- 
out the  season;  but  by  the  1st  of  December  the  work  was  practically  completed  and 
operations  suspended. 

Daring  the  season,  besides  straightening  up  and  bracing  every  sound  pile  left-  in  the 
dam,  33  broken  ones  were  removed  and  replaced  by  new  ones.  The  dam,  as  finished, 
contains  the  following, exclusive  of  materials  used  in  coffer-dams  and  auxiliary  works: 

815  cords  stone  filling. 

119  cubic  yards  dry-stone  wall  in  abutments. 
56  cubic  yards  masonry  wall  in  abutments. 
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154, 366  feet,  B.  M.,  timber  and  plank. 
345  (9,158  linear  feet)  piles. 
10,610  pounds  iron,  bol  8,  &c. 

6, 543  cubic  yards  embankment,  clay  and  gravel  backing. 

The  following  tabular  statement  shows  the  principal  items  of  labor  and  materials 
applied  to  the  construction  of  the  dams  before  mentioned,  up  to  January  1, 1877 : 


Name  of  work. 


10.  Cedars  Dam 

11.  Little  Chute  Dam  .... 

12.  Kankftuna  Dam 

13.  Rapid  Croche  Dam . . . 

14.  Little  Kaukanoa  Dam 

Totals 
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Cord*. 
864.5 
798 
602.28 
473 
815 


3, 612.  78 


11 


Of.  yd*. 
117 

393.84 
63.46 
106.75 
119 


800.05 
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39  42 
31.63 
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56 


140.05 
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Ft.,  B.  M. 
278,924 
974,889 
256,131 
170,328 
154,366 


1, 134, 638 
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17,602 
16,256.32 
12,168 
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Cu.yd*. 
1,608 
2,407 
3,091 
2,776 
6,543 


16,425 


Piles  in  dam*. 


yo. 


345 


345 


LiK.fi. 


9,156 


9,158 


The  tabular  statements  for  locks  and  dams  show  the  following  grand  totals,  no  ac- 
count whatever  being  taken  of  the  vast  amounts  of  labor  and  material  applied  solely 
to  the  construction  of  auxiliary  works,  such  as  coffer-dams,  <fec: 

Total  masonry,  cubic  yards 18,573.28 

Total  drv-stone  wall,  cubic  yards 800.05 

Total  stone  filling,  cords 3,612.78 

Total  piles,  liuear  feet 48,860.00 

Total  timber  and  plank,  feet,  B.  M 2,100,717.00 

Total  iron,  pounds 133,594.42 

Total  excavation,  cubic  yards 77,660.00 

Total  embankment,  cubic  yards 16,425.00 

The  above  quantities  refer  only  to  the  new  works,  constructed  between  the  beginning 
of  Augubt,  1875,  and  December  31,  1876.  They  include  no  previous  works,  such  as  the 
stoue  dam  at  Apple  ton,  nor  the  lower  combined  lock  at  Little  Chute,  larger  than  any 
of  the  others,  nor  is  any  showing  made  of  the  amounts  applied  to  repairs  on  old  looks, 
dams,  canal-banks,  &c. 

15.  KURSK  A  DAM,  (TEMPORARY.) 

In  order  to  open  navigation  through  Eureka  lock,  and  obtain  reliable  data  as  to  the 
extent  of  back-water  arising  from  the  construction  of  dams,  a  temporary  dam  of 
brush  and  stone  was  built,  raising  the  water  to  the  proposed  level.  This  work  was 
accomplished  at  small  expense  in  September  and  October.  Its  effect  verities  the  cor- 
rectness of  our  calculations ;  the  back-water  extends  nearly  to  Berlin,  and  has  caused 
a  notable  decrease  in  the  current  at  that  place,  while  the  amount  of  fiowage  is  insig- 
nificant. 

16.   DREDGING. 

But  little  was  accomplished  in  this  line  during  the  year.  In  July  the  new  dredge, 
built  toward  tho  close  of  the  preceding  year,  was  put  on  trial,  and  continued  to  work 
until  August  22.  In  connection  with  this  dredge,  the  device,  shown  on  the  accompa- 
nying plates,  for  depositing  the  excavated  materials  on  the  river-banks  was  tried,  and 
promises  to  be  a  very  desirable  auxiliary.  By  means  of  this  arrangement  the  mate- 
rial is  carried  well  back  from  the  river  with  but  one  handling,  and  the  cost  of  dredg- 
ing wide  .channels  thereby  materially  lessened. 

The  affair  consists  essentially  of  a  hopper  supported  on  a  scow,  which  is  anchored  in 
a  convenient  position  beside  the  dredge.  A  wrought-iron  chute,  made  in  lengths  con- 
venient for  handling,  connects  with  the  hopper  to  conduct  the  material  to  the  place 
of  deposit.  The  earth  is  dumped  directly  iuto  the  hopper,  and  is  washed  out  and  down 
the  chute  by  water  supplied  through  openings  in  the  back  of  the  hopper.  The  pump 
which  supplies  the  water  is  on  the  dredge.  The  entire  arrangement  was  devised  by 
Capt.  R.  S.  Little  field,  of  Chicago,  now,  and  for  a  long  time  past,  connected  with  lake- 
harbor  improvements. 

This  dredge  worked  in  all  28  days,  of  10  honra  each,  and  in  this  time  excavated  from 
the  bar  below  Eureka  about  9,000  cubic  yards,  and  from  the  canal  above  Eureka  lock 
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13,200  cubic  yards,  a  total  of  22,200  cubic  yards,  being  a  daily  average  of  800  cubic  yards, 
nearly.  As  moat  of  this  work  was  to  a  great  extent  experimental,  and  with  new  ma- 
chinery, I  have  no  doubt  that  this  average  can  be  greatly  exceeded. 

In  addition  to  this  dredging,  one  of  the  old  dredges  (No.  2)  worked  on  the  cat-off  at 
Horseshoe  bend  from  August  8  to  25,  excavating  7,000  cubic  yards,  and  enlarging  the 
cat  enough  to  make  it  navigable. 

This  is  a  great  help  to  navigation  at  this  locality,  bat  still  more  work  is  needed 
there  to  complete  the  job. 

The  other  dredge  (No.  1)  required  considerable  repairs,  particularly  of  machinery. 
These  had  been  commenced,  but  before  they  could  be  finished  all  dredging  operations 
were  suspended.  (August  25)  for  the  season,  on  account  of  lack  of  funds. 

17.  SURVEY  OP  THE  LOWER  FOX. 

A  small  party  was  sent  out  toward  the  end  of  August  to  supply  oertain  omissions  in 
the  work  of  the  preceding  year  and  complete  this  survey.  A  fair  start  only  was  made, 
when,  under  instructions  to  limit  expenditures,  it  became  necessary  to  recall  the  party. 
But  little  was  accomplished,  and  the  subject  is  mentioned  only  to  record  the  circum- 
stances attending  the  death  of  Henry  Liljencrantz,  the  assistant  in  charge  of  the  work. 
Daring  the  short  time  he  was  in  the  field  he  contracted  a  severe  cold,  through  exposure 
in  the  line  of  his  duty.  Immediately  after  hiB  return  to  the  city  pneumonia  set  in,  and 
his  death  followed  very  suddenly,  after  two  days  of  most  intense  suffering.  His  friends 
and  associates  were  hardly  aware  of  his  illness  before  they  were  called  upon  to  mourn 
his  loss.  Of  the  highest  ability  in  the  duty  to  which  he  was  assigned,  and  on  which 
he  had  been  engaged  under  my  immediate  directions  during  the  past  three  years,  his 
loss  will  be  seriously  felt  on  the  work  and  in  the  office.  He  was  always  ready,  zealous, 
active,  and,  above  all,  accurate  and  thoroughly  reliable.  In  a  word,  he  lacked  none  of 
the  qualities  which  the  most  exacting  would  require  in  an  efficient  and  trusted  assist- 
ant. 

In  his  social  relations  he  was  no  less  conspicuons,  a  fact  to  which  the  crowded  state 
of  one  of  Milwaukee's  largest  churches  bore  striking  testimony  on  the  occasion  of  his 
funeral. 

While  it  is  due  to  his  memory  that  his  worth  shonld  be  acknowledged  in  this  official 
manner,  this  report  is  not  the  proper  place  in  which  to  express  at  greater  length  my 
own  appreciation  of  and  friendship  for  him. 

18.  MISCELLANEOUS. 

After  the  close  of  operations  in  the  field,  a  small  force  was  organized  to  build  new 
lock-gates  for  some  of  the  old  works  on  the  Lower  Fox ;  this  work  continued  until  the 
middle  of  March,  when  arrangements  were  made  for  putting  them  in  at  Depere,  Rapid 
Croche,  and  Little  Kaukauna  locks. 

In  addition  to  new  gates,  the  look  at  Depere  required  quite  extensive  repairs,  and  it 
was  necessary  to  build  coffer-dams  above  and  below,  and  pnmp  the  lock  ouc.  This  was 
in  progress  at  the  time  I  was  relieved.  At  the  same  time  the  Menasha  lock  was  pumped 
out,  principally  to  replace  and  secure  the  upper  miter-sill. 

Notwithstanding  several  breaks  in  the  canal-banks  on  the  Lower  Fox  during  the 

5ast  year,  we  have  had  less  than  the  usual  trouble  in  this  line.  The  most  serious 
reak  was  in  the  Kaukauna  river-level,  opposite  the  site  of  the  north  abutment  of  the 
new  dam. 
A  coffer-dam  covering  the  limits  of  the  break  was  built  as  a  temporary  remedy. 
During  the  past  winter  a  series  of  drawings,  showing  full  details  of  the  new  locks  on 
the  Upper  Fox,  was  prepared  by  John  Pierpont,  assistaut  engiueer,  who  had  been  in 
immediate  charge  of  their  construction.  The  manner  in  which  he  has  executed  this 
work,  as  well  as  all  to  which  he  has  been  assigned  while  on  duty  as  my  assistant  dur- 
ing the  past  three  years,  merits  the  wannest  commendation.  Whatever  of  success  I 
may  have  met  with  in  the  conduct  of  this  work  has  been  largely  due  to  the  efficient 
aid  received  from  him,  both  in  preparing  our  projects  and  executing  them. 

In  conclusion,  I  can  only  express  the  deep  regret  with  whioh  I  am  now  called  away 
from  this  doty. 

Very  respectfully,  your  obedient  servant, 

G.  J.  Lydecker, 

Captain  of  Engineers. 
Maj.  D.  C.  Houston, 

Corps  of  Engineers,  U.  S.  A. 
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uk  port  of  lieutenant  f.  a.  hinman,  corps  of  engineers. 

United  States  Engineer  Office, 

Milwaukee,  Wis.,  July  2, 1877. 

Slit :  In  accordance  with  your  instructions  of  the  27th  ultimo,  I  have  the  honor  to 
finbmit  the  following  report  of  operations  on  my  section  of  the  Fox  River  improvement 
for  the  fiscal  year  ending  June  30,  1877. 

By  your  order  of  the  10th  ultimo  my  charge  over  the  said  improvement  was  extended 
from  Buffalo  Lake  to  the  mouth  of  Mechan  River. . 

1.  guard-lock,  new  guard-lock  and  basin. 

Last  fall  the  sand  in  the  upper  approach  to  the  guard-lock  was  dredged  out  for  the 
second  time  during  the  season,  this  time  by  dredge  No.  4  ;  she  dredged  it  out  agaiu  last 
May,  working  there  2  day 8.  A  wide  and  deep  cut  was  made  across  the  channel  a  short 
distance  above  this  lock  for  the  receptiou  of  sand ;  estimated  amount  of  material 
dr  dged,  1,500  cubic  yards. 

Periodical  dredging  will  be  required  here.  No  radical  change  is  noted  in  the  bank 
of  the  Wisconsin  River  just  below  the  lock ;  this  is  attributed  to  the  unusual  low  water 
of  this  season.    It  is  the  intention  to  protect  this  bank  some  time  in  the  future. 

The  settlements  in  the  cribs  of  the  guard-lock  were  filled  np  with  clay,  the  lower 
gates  replanked,  and  all  the  gates  strengthened.  Boats  drawing  3  feet  can  pass 
through  this  lock  at  any  time  by  raising  the  water  in  ihe  canal  to  within  6  inches  of 
the  top  of  the  timber  revetment.  This  is  the  greatest  depth  that  can  be  obtained  on 
the  lower  miter-sill.  Borings  were  completed  at  site  of  new  guard-lock.  Nothing  has 
been  done  about  said  lock  and  basin  since  date  of  last  annual  report,  except  to  appraise 
the  land. 

2.  portage  canal. 

A  temporary  revetment,  of  brush  and  stone  923  linear  feet  in  length  was  bnilt  along 
the  site  of  the  proposed  basin  (from  the  guard-lock  to  a  point  near  Wisconsin-street 
bridge)  to  protect  the  bank.  It  serves  the  purpose  well.  Minor  repairs  were  made  to 
Wisconsin-street  bridge ;  it  is  proposed  to  rebuild  this  bridge  after  the  close  of  naviga- 
tion, placing  it  squarely  across  the  canal  to  Dewitt  street. 

At  present  it  crosses  the  canal  obliquely,  so  that  the  north  terminus  shall  be  at  a 
point  equally  distant  between  Wisconsin  and  Dewitt  streets,  a  compromise  that  dam- 
ages the  north  approach  to  the  bridge. 

The  proposed  changes  in  it,  and  also  the  questions  relating  to  the  repairs  of  the  side- 
walk along  the  approach  to  it  from  the  north,  are  now  being  considered. 

The  city  of  Portage  has  established  and  maintains  a  floating  draw-bridge  at  Ketch- 
urn's  Point,  just  below  the  Chicago,  Milwaukee  and  Saint  Paul  Railroad  Company's 
upper  draw-bridge.  The  lower  draw-bridge  belonging  to  this  company  is  a  detriment 
to  navigation  as  it  now  stands,  as  some  boats  have  difficulty  in  passing  through  it. 
Water  was  let  into  the  canal  a  year  ago  the  30th  ultimo,  and  has  remained  in  ever 
since,  so  that  the  canal-banks  and  present  waste-weir  have  been  well  tested.  A  little  set- 
tlement of  the  filling  of  the  latter  (which  was  expected  waen  first  built)  was  filled  up 
with  clay. 

The  canal  timber  revetment  has  stood  well,  except  some  of  that  built  according  to 
the  first  system,  which  heaved  in  a  little  before  the  canal  was  filled  with  water ;  not 
much  change  is  noted  since.  The  second  system  of  revetment  is  considered  better 
than  the  other. 

3.   WINNEBAGO  LOCK. 

Minor  repairs  were  made  to  the  gates  of  this  lock,  and  settlementeMn  cribs  filled  up 
with  clay. 

4.  governor's  bend  level. 

The  land  clam-shell  steam-excavator  borne  temporarily  on  two  of  the  Wisconsin  River 
scows  worked  35f  days  on  this  level,  during  which  time  it  is  estimated  that  she  re- 
moved 11,680  cubic  yards  of  material.  She  was  laid  up  for  the  season  August  31,  and 
has  not  been  employed  since.  Her  roof  has  been  repaired,  and  it  is  proposed  to  build 
a  Buyable  hull  for  her  the  coming  winter,  a  plan  of  which  has  been  prepared. 

The  bar  that  was  dredged  out  last  season  just  below  Winnebago  lock  re-formed ;  it  was 
300  feet  in  length,  and  was  dredged  out  in  May  by  dredge  No.  4;  estimated  amount  of 
material  removed,  2,000  cubic  yards.  It  is  presumed  that  dredging  will  be  required 
at  this  point  periodically,  as  the  sand  in  the  Fox  River  just  above  navigation  is  con- 
stantly coming  down. 

The  Wisconsin  Central  Railroad  Company  did  not  change  the  location  of  its  bridge, 
as  proposed,  but  instead  dredged  above  it  on  the  left  bank,  and  below  it  on  the  right 
bank  a  short  distance,  as  requested,  thereby  improving  the  approaches  ;  5,000  cubic 
yards  of  material  were  removed  for  this  improvement.  The  company  is  about  putting 
in  a  number  of  pil#-p,  as  desired,  to  still  better  the  approaches. 
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5.  governor's  bend  dam  akd  lock. 

The  crest  of  this  dam  was  lowered  1  foot,  as  there  was  sufficient  water  in  the  level 
above,  after  the  removal  of  the  bar  below  Winnebago  lock ;  this  change,  of  course, 
affected  the  marshes  above,  where  flowage  damages  are  claimed. 

Minor  repairs  were  made  to  this  lock.  The  lock-gates  were  kept  open  all  winter,  as 
the  lock  and  dam  are  old,  and  too  weak  to  withstand  the  sadden  spring  changes. 

6.  MONTELLO  LEVEL. 

Last  July,  soundings  showed  a  channel  in  this  level  from  3.4  feet  to  9.5  feet  in  depth 
the  water  standing  6.8  feet  on  the  lower  miter  sill  of  Governor's  Bend  lock.    The  bar 
600  feet  in  length,  which  had  been  gradually  forming  for  some  years  below  said  lock, 
wis  removed  by  dredge  No.  4.    Estimated  amount  of  material  dredged,  3,000  cubic 
yards.    8oondings  taken  last  month  disclosed  a  channel  along  this  level  from  3±  feet 
to  9}  feet  in  depth,  the  water  standing  4.5  feet  on  lower  miter-sill  of  said  lock. 

After  removing  67  large  bowlders  from  the  channel  near  Port  Hope  draw-bridge, 
dredge  No.  4  proceeded  to  Grand  River  level. 

7.  GRAND  RIVER  LEVEL. 

On  the  16th  ultimo,  dredge  No.  4  commenced  work  on  the  bar  at  the  mouth  of 
Montello  Creek,  (Just  below  Montello  lock.)    She  worked  here  6  days,  and  removed 
about  1,700  cubic  yards.    It  is  believed  that  periodical  dredging  will  be  required  at 
this  point,  as  dredging  was  done  here  last  year. 

After  removing  said  bar,  dredge  No.  4  commenced  work  on  the  construction  of  the 
npper  level*  of  Grand  River  Canal ;  she  has  made  a  cut  260  feet  loug,  removing  2,811 
cubic  yards.  The  entire  cut  will  be  50  feet  wide,  (for  the  present,)  and  1,930  feet  in 
length. 

8.  GRAND  RIVER  LOCK  AND  DAM. 

It  is  proposed  to  build  the  slope  and  wing  walls  of  this  lock  of  tight  timber  cribs 
Ailed  with  stone  and  clay.  All  materials  requisite  for  their  construction  have  been 
delivered,  and  work  on  same  is  being  rapidly  prosecuted.  The  miter-sills  will  be 
placed  shortly,  and  gates  hung  as  soon  as  the  iron-work  for  same  is  completed. 

Preparations  are  now  being  made  for  the  early  completion  of  a  temporary  brush  and 
stone  dam  at  this  point  similar  to  those  on  the  Wisconsin  River,  except  that  2  small 
cribs  (on  hand)  will  be  put  into  it. 

It  is  thought  that  this  lock  will  be  ready  for  service  early  next  month. 

9.  PRINCETON  LEVEL. 

"  On  completion  of  Grand  River  Canal,  dredge  No.  4  will  work  on  this  level.  But  1  bar 
of  much  consequence  exists  between  Grand  River  lock  and  the  mouth  of  Mechan 
River ;  it  does  not  affect  navigation  at  present,  but  would  at  low-water  stage. 

10.  MISCELLANEOUS. 

There  has  been  a  general  complaint  of  low  water  throughout  the  Northwest  this 
year,  which  has  somewhat  affected  the  above  levels. 

The  Fox  River  has  been  fed  as  Tequired  from  the  Wisconsin  River;  this,  with  the 
aid  of  the  recent  rains,  has  materially  benefited  navigation. 

Last  month  I  made  a  tour  of  inspection  in  your  company  from  Portage  to  Princeton 
level  on  the  United  States  steamer  Winneoonne,  drawing  27  inches.  The  Winneconne 
is  110  feet  long,  20  feet  beam,  and  has  a  6-foot  guard.  A  bar  in  Princeton  level  (above 
referred  to)  prevented  her  going  farther ;  (the  river  has  risen  a  foot  since.)  All  com- 
pleted locks  were  found  to  be  in  working  order. 

Through  navigation  was  opened  over  the  above  section  the  7th  of  last  July.  It  has 
since  been  obstructed  somewhat  by  bars  and  low  water,  but  it  is  thought  that  a  (air 
3-foot  channel  now  exists  the  entire  length.  . 

Dredge  No.  4  was  purchased  and  towed  from  Prairie  du  Chien  to  Portage  last 
rammer. 

The  amount  of  tolls  collected  on  this  section  was  small.  The  traffic  consisted  prin- 
cipally of  lumber  and  grain. 

Very  respectfully,  your  obedient  servant, 

F.  A.  Hinman, 
First  Lieutenant  Corps  of  Engineers* 

Ifsj.  D.  C.  Houston, 

Corps  of  Engineers,  U.  8.  A. 
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WISCONSIN  RIVER. 

REPORTS  OF  LIEUTENANT  F.  A.  HINMAN,  CORPS  OF  ENGINEERS. 

1. 

United  States  Engineer  Office, 

Milwaukee,  Wis.,  July  2,  1877. 

Sir:  In  accordance  with  yonr  order  of  the  27th  ultimo  I  have  the  honor  to  submit 
the  following  report  of  operations  on  the  Wisconsin  River  improvement  for  the  fiscal 
year  ending  June  30,  1877 : 

Owing  to  lack  of  funds  no  field-work  has  been  done  sinee  November,  1875,  except  to 
take  soundings,  from  time  to  time,  along  the  upper  section  of  the  improved  river.  The 
last  soundings  were  reported  in  my  letter  to  you  of  the  13th  ultimo,  a  copy  of  which 
is  inclosed  herewith. 

There  was  no  sprjng  rise  this  year  like  those  of  former  seasons ;  a  low  stage  of  water 
prevailed  until  the  rise  dne  to  recent  rains. 

Six  of  the  boats  belonging  to  the  improvement  are  now  temporarily  engaged  on  the 
Fox  River  improvement ;  the  balance  of  the  boats  and  property  are  at  Portage  in  fair 
condition. 

It  is  respectfully  recommended  on  the  score  of  economy  that  operations  be  not 
resumed  on  this  improvement  until  sufficient  funds  are  available  to  work  on  a  large 
scale. 

Very  respectfully,  your  obedient  servant, 

F.  A.  Hinman, 
First  Lieutenant  Corps  of  /engineers, 

Maj.  D.  C.  Houston, 

Corps  of  Engineers,  U.  S.  A. 


2. 

United  States  Engineer  Office, 

Milwaukee,  Win.,  June  13,  1877. 

Sir:  In  accordance  with  your  verbal  orders  of  the  8th  instant,  I  have  the  honor  to 
submit  the  following  list  of  soundings  taken  by  me  the  7th  instant,  under  your  personal 
observation,  on  the  United  States  steamer  Winneconne,  (drawing  27  iuches,)  in  the 
Wisconsin  River,  between  the  guard-lock  at  Portage,  Wis.,  and  dam  No.  8,  1872,  about 
12  miles  below  Portage. 

The  gauge-reading  at  Portage  on  the  7th  instant  was  six- tenths  of  a  foot  above  low 
water  of  1872,  or  four-tenths  of  a  foot  above  low  water  of  1867,  (low  water  of  1872  was 
two-tenths  of  a  foot  below  low  water  of  1867.)  It  is  proper  to  state  that  these  sound- 
ings were  not  taken  under  the  most  favorable  circumstances,  as  they  were  taken  while 
going  down  stream,  and  the  time  necessarily  chosen  was  just  after  a  hard  rain,  when 
the  wind  blew  quite  strongly  at  times,  thereby  rendering  the  boat  more  unmanageable 
than  she  would  have  been  otherwise,  and  also  disturbing  the  surface-marks  of  the  water, 
that  often  guide  the  pilot,  who,  by  the  way,  had  not  been  over  this  reach  in  some 
weeks,  and  then  on  a  raft.  "N.  B."  indicates  no  bottom  (the  deepest  soundings,  of 
course)  with  a  pole  144  feet  in  length.  The  least  sounding  taken  was  4  feet,  except  one 
of  3  feet,  and  two  of  3.7  feet  on  and  about  the  end  of  an  old  timber-dam  at  Portage,  a 
portion  of  whioh  must  be  removed.  It  is  thought  that  a- settlement  in  a  dam  above  is 
somewhat  detrimental  to  this  locality.  It  is  worthy  of  note  that  the  depth  of  water  in 
the  channel  along  this  reach  has  improved  (about  1  foot)  since  1875,  as  was  anticipated, 
without  further  work ;  then  the  least  sounding  taken  was  3  feet,  the  gauge-reading  at 
Portage  being  two-tenths  of  a  foot  above  low  water  of  1872.  (See  page  420,  Report  of 
the  Chief  of  Engineers,  1876,  Part  II.)  It  is  believed  that  better  soundings  would  have 
been  obtained  had  all  the  dams  been  in  good  repair.  A  few  of  them  require  considera- 
ble work,  as  they  could  not  be  repaired  at  the  proper  time.  Rafts  have  damaged  some 
a  little  by  ''snubbing"  against  them. 

Very  respectfully,  your  obedient  servant, 

F.  A.  Hinman, 
First  Lieutenant  Corps  of  Engineers. 

Maj.  D.  C.  Houston, 

Corps  of  Engineers j  U.  S.  A, 
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Litt  of  soundings  {not  reduced)  commencing  at  guard-lock  and  ending  at  Dam  No.  8,  1872. 
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ANNUAL  BEPORT  OF  CAPTAIN  G.  J.  LYDECKER,  CORPS  OP 
ENGINEERS,  FOR   THE   FISCAL  YEAR   ENDING   JUNE  30, 

1877. 

United  States  Engineer  Office, 

Chicago,  III,  July  14,  1877. 

General  :  I  have  the  honor  to  transmit  herewith  annual  reports  of 
operations  for  the  fiscal  year  ending  June  30, 1877,  relating  to  the  im- 
provements of  harbors  now  in  my  charge. 

Very  respectfully,  your  obedient  servant, 

G.  J.  Lydecker, 

Captain  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


AAi. 

IMPROVEMENT  OF  THE  HARBOR  AT  CHICAGO,  ILLINOIS. 

I  assumed  charge  of  this  work  early  in  May,  relieving  Maj.  G.  L.  Gil- 
lespie, per  Special  Orders  No.  85,  Adjutant-General's  Office,  Washing- 
ton, D.  C,  April  21,  1877. 

At  the  beginning  of  the  year,  Mr.  W.  L.  Smith,  contractor,  was  en- 
gaged in  building  the  superstructure  of  the  north  pier-exteusiou,  four 
courses  having  been  completed.  The  length  of  tbe  extension  was  600 
feet.  In  continuation  of  this  work,  during  the  months  of  July  and  Au- 
gust, the  remaining  three  courses  were  iiuished,  stoue  filled  to  the  top, 
and  the  entire  superstructure  planked.  Suubbing-posts  were  placed  at 
intervals  of  100  feet.  A  clump  pile-protection,  similar  to  that  used  at 
the  north  end  of  the  breakwater,  was  commeuced  at  the  end  of  the  pier, 
bat  a  lack  of  funds  compelled  the  suspension  of  this  part  of  the  work 
after  driving  and  capping  24  piles.  Iu  the  mean  time  the  close  pile-pro- 
tection for  the  breakwater  had  been  extended  toward  the  south  a  dis- 
tance of  292  feet.  The  total  length  of  protection  for  the  breakwater  is 
now  1,300  feet. 

Nothing  further  was  done  on  the  improvement  at  this  place  until  the 
month  of  June,  when  the  compartments  of  breakwater-cribs  were  refilled 
as  far  as  necessary  to  provide  against  settlement  of  stoue,  which  had 
taken  place  since  the  completion  of  the  work  in  1875. 

The  breakwater  and  all  portions  of  the  piers  built  since  18G9  are  now 
in  good  condition.  On  work  done  prior  to  that  date,  however,  consid- 
erable repairs  are  needed.  This  is  particularly  the  case  at  the  old  light- 
house pier  where  the  superstructure  is  rotten,  broken,  and  in  some 
cases  so  opened  as  to  allow  the  stone  filling  to  pass  through  aud  fall  in 
the  channel. 


894         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

The  amount  appropriated  for  this  work  by  the  act  approved  August 
14, 1876,  was  $5,000;  of  this  amount  only  $1,000  was  allotted  and  avail- 
able for  expenditure  until  May  1, 1877 ;  at  this  date  the  expenditure  of 
the  balance  ($4,000)  was  authorized.  Jt  has  been  applied  in  part  to  re- 
filling cribs  of  breakwater;  the  remainder  will  be  applied  to  extending 
the  pile-protection  of  the  north  pier-ex tensiou,  after  making  such  re- 
pairs on  the  old  work  as  are  needed  at  once.  All  to  be  done  by  open 
purchase  and  hired  labor,  as  authorized  by  Department  letter  of  May 
9,  1877. 

'  The  question  of  modifying  the  project  for  the  outer  harbor  as  fixed  by 
the  Board  of  Engineers  in  1870  is  still  to  be  decided,  but  until  it  is 
brought  before  auother  board  it  is  probably  ouly  necessary  to  add  to 
the  remarks  of  my  predecessors  on  this  work,  that,  whether  protection 
frpm  southerly  storms  be  sought  by  a  line  of  breakwater  at  right  angles 
to  that  now  finished  in  extension  of  it,  or  in  any  intermediate  direction, 
a  suitable  opening  should  be  left  to  enable  vessels  missing  the  harbor- 
entrance  between  the  piers  to  gain  shelter  by  rounding  the  southerly 
end  of  the  present  breakwater.  In  northerly  storms  almost  all  vessels 
whose  draught  will  warrant  it  now  enter  the  harbor  in  this  way  rather 
than  by  roundiug  the  north  pier  and  runniug  the  risk  of  bringing  up  ou 
the  breakwater.  To  euable  all  vessels  to  do  so,  considerable  dredging 
is  required  iu  the  outer  basin.  For  this  purpose  an  appropriation  of 
$40,000  is  recommended. 

In  order  that  full  advantage  of  the  work  done  may  be  realized,  I 
would  earnestly  recommend  the  appropriation  of  $100,000  for  continua- 
tion of  breakwater  construction.  The  present  works  give  shelter 
against  northerly  and  easterly  storms,  but  the  roadstead  is  open  to 
storms  from  the  southeast  and  south. 

For  necessary  repairs  on  existing  worka  an  appropriation  of  $10,000 
is  required. 

Chicago  barbor  is  in  tbe  collection-district  of  Chicago.  There  is  a  light-house  on  the 
shore-end  of  the  north  pier,  a  beacon-light  on  the  lake-end  of  the  same,  and  one  at  the 
south  end  of  the  breakwater. 

The  number  of  vessels  entered  during  the  year,  9,038;  cleared,  9,045. 

Total  tonnage  of  vessels  entered  and  cleared,  5,869,064.  Amount  of  revenue  collected 
dnring  the  year,  $1,406,529.05. 

The  original  estimated  cost  of  the  work  as  now  being  carried  on  was  (897,095.73. 

The  whole  amount  appropriated  since  its  adoption  is  $538,000,  of  which  amount 
$535,330.52  had  been  expended  to  June  30, 1877. 

Money  statement 

July  lf  1676,  amount  available $15,524  92 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  00 

20, 524  92 
July  1, 1877,  amount  expended  during  fiscal  year 17,855  44 

July  1, 1877,  amount  available 2,669  48 

Amount  (estimated)  required  for  completion  of  existing  project. 300,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879..  150,000  00 


A  A  2. 

IMPROVEMENT  OF  THE  HARBOR  AT  CALUMET,  ILLINOIS. 

I  was  assigned  to  this  work  by  Special  Orders  No.  85,  Adjutant  Gen- 
eral's Office,  dated  Washington,  D.  C,  April  21,  1877,  and  assumed 
charge  early  in  May,  relieving  Maj.  G.  L.  Gillespie,  Corps  of  Engineers* 
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At  the  beginning  of  tbe  year  there  was  do  work  in  progress,  the 
amount  of  money  available  July  1, 1876,  not  being  sufficient  to  do  any- 
thing toward  the  extension  of  the  improvement.    The  act  approved 
August  14, 1876,  appropriated  $20,000,  but  of  this  only  $1,000  was  made 
available  until  April  21,  1877,  when  the  expenditure  of  the  balance 
($19,000)  was  authorized.    It  had  been  the  original  intention  to  apply 
this  appropriation  to  extending  the  south  pier  250  feet,  and  to  dredging 
about  20,000  cubic  yards  between  the  piers.    On  account  of  the  rapid 
accumulation  of  sand  north  of  the  north  pier,  the  water  had  so  shoaled 
at  the  harbor-entrance  by  sand  working  around  the  end  of  the  pier 
that  a  bar,  with  a  channel  of  only  11  feet  over  it,  had  formed  there. 
It  became  necessary,  therefore,  to  apply  the  money  toward  extending 
the  north  instead  of  the  south  pier,  and  to  dredge  this  outer  bar  as 
well  as  through  the  shoal  between  the  piers.  .  This  project  was  ap- 
proved, and  its  execution,  by  hired  labor  and  open  purchase,  was  au- 
thorized by  Department  letters  of  April  21  and  27. 

Dredging  was  commenced  May  1,  and  continued^)  the  end  of  the 
year,  up  to  which  time  13,886  cubic  yards  had  been  excavated.  In  the 
mean  time,  materials  for  the  north  pier-extension  have  been  purchased, 
and  the  work  of  framing  cribs  was  commenced  during  the  latter  part  of 
Jane.  It  is  proposed  to  suspend  dredgiug  operations  after  completing 
one  more  cut  across  the  outer  bar,  which  will  give  a  good  channel  100 
feet  wide.  It  can  then  be  finished  with  more  permanent  benefit  after 
the  pier  has  been  extended.  It  is  expected  to  have  the  pier-work  com- 
pleted by  the  end  of  August. 

Except  about  300  feet  on  the  lake  side  of  the  south  pier,  all  the  pier- 
work  at  this  harbor  is  in  good  order,  and  requires  but  very  slight  re- 
pairs. On  the  excepted  part,  the  pier-filling  has  been  undermined  and 
washed  out,  but  the  repairs  may  be  made  at  slight  cost.  The  shore-line 
is  gradually  receding  south  of  the  south  pier%  the  total  amount  at  its 
junction  with  the  pier  being  about  200  feet  since  the  work  was  started. 
The  distance  across  the  sand-spit  which  separates  the  lake  from  the 
old  outlet  of  the  Calumet  River  has  been  thereby  reduced  to  such  an 
extent  that  I  propose  putting  a  slight  shore  protection  for  a  short  dis- 
tance, say  50  or  100  feet,  south  of  the  pier,  to  prevent  the  sea  cutting 
through  into  the  river. 

Since  the  beginning  of  the  work,  in  1870,  the  shore-line  north  of  the 
piers,  at  its  junction  with  the  north  pier,  has  advanced  about  800  feet, 
being  an  average  annual  advance  of  115  feet.  This  amount  was 
exceeded  last  year,  the  shore  having  made  out  212  feet  from  April,  1876, 
to  July,  1877.  There  has  been  a  corresponding  movement  of  the  deep- 
water  lines. 

The  12-foot  curve  is  now  200  feet  beyond  the  end  of  the  north  pier, 
and  hence  the  bar  before  spoken  of  at  the  harbor  entrance  had  formed, 
with  8  feet  of  water,  at  a  point  about  300  feet  from  the  end  of  the  north 
pier.  The  16-foot  curve  is  400  feet  in  advance  of  the  north  pier,  while 
the  distance  to  the  18-foot  curve  is  750  feet.  In  my  opinion,  the  pier 
will  have  to  be  extended  to  this  limit  within  the  next  two  seasons,  in 
order  to  keep  the  entrance  clear ;  and  the  extension  to  the  16-foot  curve 
should  be  made  next  season,  in  order  to  save  in  dredging.  This  will 
require  250  feet  of  pier-work  in  addition  to  that  now  being  built.  The 
extension  of  the  south  pier  250  feet,  as  recommended  by  Major  Gillespie, 
in  his  report  for  1875,  should  be  done  at  the  same  time.  For  this  pier- 
work  at  least  $40,000  will  be  required,  and  for  dredgiug  there  will  be 
needed  $10,000  more.    I  have  therefore  to  recommend  an  appropriation  > 
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of  $50,000  for  the  continuation  of  this  work  during  the  fiscal  year  end-, 
ing  June  30,  1879. 

A  survey,  showing  the  limits  of  the  bar  and  the  other  changes  at  this 
harbor,  was  in  progress  at  the  close  of  the  fiscal  year. 

Calumet  Harbor  is  at  South  Chicago,  a  port  of  entry  in  the  collection -district  of 
Chicago. 

There  is  a  light-house  on  the  lake-end  of  the  north  pier. 

The  number  of  vessels  entered  daring  the  y ear,  72  ;  cleared,  72;  total  tonnage  of 
vessels,  22,514 ;  amount  of  revenue  collected  during  the  year,  $72.50. 

The  original  estimate  for  this  improvement  was  $299,875.52.  There  has  been  ap- 
propriated to  date  $250,000,  leaving  in  round  numbers  a  balance  of  $50,000  to  complete 
the  work  with.    The  amount  expended  up  to  July  1,  1877,  was  $237,148.76. 

Money  statement. 

July  1,  1876,  amount  available $1,807  33 

Amount  appropriated  by  act  approved  August  14,  1876......      20,000  00 

$21,807  33 

July  1, 1877,  amount  expended  during  fiscal  year 6,648  29 

July  1, 1877,  outstanding  liabilities 2,307  80 

8,956  09 

July  1, 1877,  amount  available - 12,851  24 

Amount  (estimated)  required  for  completion  of  existing  project 50,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.       50, 000  00 


A  A  3. 

IMPROVEMENT  OF  THE  HARBOR  AT  MICHIGAN  CITY,  INDIANA. 

I  was  assigned  to  this  work  by  Special  Orders  No.  85,  Adjutant  Gen- 
eral's Office,  dated  Washington,  D.  C,  April  21,  1877,  and  assumed 
charge  early  in  May,  relieving  Maj.  G.  L.  Gillespie,  Corps  of  Engineers. 

At  the  beginning  of  tbe  year  operations  were  suspeuded,  while  await- 
ing the  passage  of  an  appropriation  bill.  The  act  approved  August 
14,  1876,  appropriated  $35,000,  but  none  of  it  became  available  until 
September  14,  when  $16,000  of  the  whole  amount  was  allotted,  and  it 
was  the  1st  of  October  before  active  operations  were  fairly  resumed,  au- 
thority having  been  granted  to  carry  on  the  work  by  open  purchase  and 
hired  labor. 

At  the  time  work  was  stopped  12  cribs  of  the  breakwater  had  been 
sunk,  but  none  of  the  superstructure  had  been  placed.  During  the  sus- 
pension these  cribs  had  settled  considerably  out  of  line  and  level,  and 
when  work  was  resumed  the  top  courses  were  from  1  to  3  feet  below  the 
water-surface,  while  a  great  deal  of  the  stoue  tilling  had  been  washed  out. 
To  build  up  these  cribs  and  correct  their  alignmeut  at  that  season  of 
the  year  proved  a  most  arduous  task  and  an  expensive  one,  but  by  seiz- 
ing every  possible  chance  a  skilled  body  of  workmen,  under  the  super- 
vision of  an  energetic  and  experienced  foreman,  pushed  the  work  ahead 
until  the  latter  part  of  November,  when  the  first  course  of  superstructure 
was  finished  over  the  entire  length  of  the  breakwater,  except  crib  No.  1, 
which  had  separated  at  8  feet  below  the  water-surface ;  the  second 
course  was  placed  lor  a  distance  of  200  feet  from  the  east  end,  and  all 
was  solidly  filled  with  stone.  The  following  extract  from  Major  Gillespie's 
report  of  operations  for  the  month  of  November,  1876,  gives  some  idea 
of  the  difficulties  encountered  iu  carryiug  on  this  work  : 

By  storm  of  the  3d  and  4th  instant,  68  linear  feet  of  timber  were  broken  off  and 
came  ashore,  and  some  of  the  longitudinal  timbers  displaced.    Storm  of  7th  and  8th 
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angle  pieces  to  carry  superstructure  in  line  were  torn  off  of  crib  No.  5;  14th  and  15th, 
gate  lifted  two  courses  of  timber  on  crib  No.  5  end  first  course  of  superstructure, 
breaking  the  timber,  and  rendering  it  necessary  to  tear  off  62H  linear  feet  pine  and 
hemlock  timber.  Storm  of  22d  and  23d,  the  angle  pieces  and  100  linear  feet  of  timber 
again  torn  off  crib  No.  5. 

The  loss  resulting  from  these  storms  is  far  greater  than  simply  the  worth  of  the  ma 
terials  broken  and  wasted,  as  working  on  a  level  with  the  surface  of  the  water  and  below 
it  the  progress  is  necessarily  slow  and  difficult — bolts  broken  and  twisted,  to  be  driven 
down  or  cnt  off;  stone  to  be  removed,  that  timber  may  fit  down  closely  ;  and  then  the 
liability  of  a  suspension  of  all  operations  by  a  change  in  the  direction  of  the  wind, 
causing  roughness  on  the  lake. 

The  disaster  wbich  put  an  end  to  all  work  for  the  winter-season  is 
described  in  the  following  extract  from  the  report  of  J.  A.  Manniug, 
foremau  in  immediate  charge  of  the  work  : 

On  November  28,  29,  aud  30  a  severe  gale  from  the  northeast  raged,  and  on  December 
I  it  increased  so  that  a  vessel  could  not  have  made  the  harbor  without  wrecking. 
Daring  the  day  it  was  noticed  that  No.  8  crib  was  lifting  from  its  foundation,  and  at  5 
p.  m.  it  floated  in  on  the  beach,  where  it  now  lies,  in  good  condition.  During  this 
blow  a  large  quantity  of  the  superstructure  was  torn  off  and  came  in  on  the  beach. 

The  bulkhead  at  the  eod  of  old  east  pier  was  also  torn  out,  and  the  superstructure 
of  the  crib  badly  broken.  From  this  time  forward  the  ice  continued  to  make,  aud  the 
stone  and  timber  on  baud  for  the  work  became  covered  with  it,  so  that  it  was  imprac- 
ticable to  attempt  any  further  work  outside.  The  force  was  employed  in  getting 
Mich  timber,  &c,  as  was  worth  saving  from  the  wreck,  together,  and  on  December  9 
we  stopped  work.  During  the  wiuter  considerable  damage  was  done  to  the  cribs. 
Such  portions  of  the  superstructure  as  survived  the  gale  of  the  1st  of  December  were 
torn  off  by  later  ones,  and  In  February,  during  a  severe  blow,  No.  9  crib,  which  had 
keen  somewhat  damaged  at  the  time  No.  8  came  out,  also  lifted  aud  came  in  on  the 
beach. 

Operations  were  not  resumed  until  the  end  of  April,  when  a  careful 
examination  of  the  work  showed  the  damage  to  be  even  greater  than 
had  heen  expected.  From  that  time  until  the  eud  of  June  ail  work  doue 
has  been  confined  to  restoriug  the  breakwater  to  the  condition  in  which 
it  was  at  the  end  of  November.  The  cost  of  labor  and  material  applied 
in  making  these  repairs  alone  was  $11,706.70,  as  shown  by  the  following 
statement  prepared  by  my  assistaut,  K.  IS.  Littlefield : 

67,140    feet,  board  measure,  pine  timber,  at  14  cents $939  96 

130    linear  feet  12  iucbes  by  18  inches  heml  ck,  at  18  cents 23  40 

8,703    linear  feet  12  inches  by  12  inches  hemlock,  at  14  cents 1,218  42 

ti,6*4    feet,  board  measure,  pine  plank,  at  14  cents 93  57 

91    cords  stone,  at  *7.50 682  50 

H,4.r>9    pounds  drift- bolts,  at  02.3  cents 378  14 

218   pounds  *crew-bolts,  at  5  cents .  10  90 

1.H00    pounds  spikes,  at  03.2  cents 57  60 

I49f  hour*'  work  of  dredge,  (dredging  420  cords  stone  from  gap,  which  has 

been  nsed  to  refill  woik,)  at  $5  per  hour 748  75 

37|  days'  hire  of  diving-apparatus,  at  §15 566  25 

Ciib  bought  of  Culbeit  &  Hopkins 1,735  41 

263    cords  stoue  to  till  two  cribs,  to  be  sunk 1,972  50 

Towing  dredge  aid  scows  to  and  from  work 206  00 

Pay-rolls  for  labor,  April  25  to  June  30,  1877 3,072  30 

Total 11,706  70 

It  is  proper  to  state  in  this  connection  that  the  appropriation  was  not  made  availa- 
ble until  late  in  the  season,  authority  to  commence  work  not  being  granted  until  Sep- 
temlter  14.  This,  with  a  month's  deiay  for  procuring  materials,  and  the  seveie  storms 
incident  to  the.  locality  of  Michigan  City  at  the  time  of  year,  rendered  it  impossible  to 
level  the  cribs  to  the  surface  of  the  water  and  build  enongb  superstructure  upon  them 
to  Atrmgthen  the  work  against  the  extraordinary  blow  duriug  which  the  damage  was 
done. 

The  balance  of  the  appropriation  will  be  only  sufficient  to  complete 
the  superstructure  to  the  fourth  course,  inclusive,  atjd  this  will  probably 
be  accomplished  by  the  first  of  August.  With  reference  to  the  super- 
structure of  this  work,  Captain  Littlefield  states: 

On  account  of  the  exposure  of  this  work,  both  from  its  position  and  the  directio 
57  E 
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given  to  the  pier,  to  the  heaviest  seas  made  ou  Lake  Michigan,  the  superstructure  on 
its  completion  should  be  eight  courses  high,  corresponding  to  works  at  Chicago  and 
other  harbors  on  the  lake,  where  six  courses  are  ot  sufficient  height. 

I  fulTy  agree  with  him  on  this  point. 

To  finish  the  improvement  at  this  place  under  the  present  project 
requires  the  construction  of  700  feet  of  breakwater  and  the  completion 
of  the  superstructure  on  that  part  already  built.  To  do  this  will  require 
$75,000,  and  the  appropriation  of  the  entire  amouut  for  the  fiscal  year 
ending  June  30,  1879,  is  urged.  Nothing  could  place  in  stronger  light 
than  this  report  the  absolute  necessity  of  making  the  appropriation 
sufficient  to  complete  the  work  at  once.  Situated  at  the  foot  of  Lake 
Michigan,  this  harbor  is  a  most  important  one  as  a  harbor  of  refuge, 
independently  of  the  amount  of  commerce  carried  on,  and  the  improve- 
ment should  be  completed  at  the  earliest  date  practicable.  It  will  be 
much  more  economical  to  complete  it  in  one  season  thau  to  drag  it  along 
with  small  appropriations  for  several  years  to  come. 

The  work  of  dredging  the  outer  harbor  should  be  commenced  uext 
season.  The  estimated  cost  of  this  part  of  the  project  on  beginning  the 
work  was  $04,175.  Of  this  amouut  I  would  recommend  that  $20,000  be 
appropriated  for  the  fiscal  year  euditig  June  30,  1879.  There  has  been 
considerable  settlement  of  stone  in  the  outer-harbor  piers;  so  much  so 
as  to  endanger  their  safety  dnriug  the  heavy  storms  which  visit  this 
locality.  To  provide  against  danger  of  damage  in  this  way,  an  appro- 
priation of  $5,000  is  recommended.  This  brings  the  whole  amount  of 
appropriation  recommended  for  this  work  for  the  fiscal  year  ending  June 
30,  1879,  up  to  $100,000.  It  is  all  needed  for  the  proper  and  economical 
prosecution  of  the  work. 

The  original  estimate  for  completing  the  improvement  »t  this  place  was  $324,421.40. 
Of  this  amouut  there  has  been  appropriated  t'»  date  $${5,000  ;  the  amount  expended  to 
June  30,  1877,  was  $226,009.89.  To  complete  the  work  I  estimate  will  require  $120,000, 
which  will  make  the  total  cost  $355,000,  against  $325,000,  the  amouut  of  the  original 
estimate,  in  round  numbers. 

This  increase  of  $30,000  is  due  to  the  unusual  difficulties  which  have 
been  experienced  ou  these  works  from  the  very  start,  and  the  amouut 
expended  iu  repairs  of  damage  to  works  iu  course  of  construction. 

The  harbor  is  in  the  collection-district  of  Michigan  City,  Ind.  There  is  a  light-house 
on  the  shore  near  the  shore-eud  of  the  east  pier,  and  a  beacon-light  on  the  lake-end  of 
the  west  pier. 

The  commercial  statistics  of  the  port  for  the  fiscal  year  are  as  follows: 

Number  of  entrances 428 

Number  of  clearances ' 421 

Amount  of  revenue  collected $398  50 

There  is  a  great  deal  of  lumber  brought  to  this  port  for  tranship- 
ment to  the  interior  by  rail.  Th3  amount  received  during  the  past  year 
was  65,000,000  feet,  board- measure. 

Money  statement. 

July  1,  1876,  amount  available $1, 191  05 

Amount  appropriated  by  act  approved  August  14,  1876 35,000  00 

$36,191  05 

July  1,  1877,  amount  expended  during  fiscal  year 25,579  12 

July  1,  1877,  outstanding  liabilities 1,621  82 

27, 200  94 

July  1, 1877,  amonnt  available 8,990  11 

Amount  (estimated)  required  for  completion  of'existing  project 120,000  00 

Amount  that  can  be  prolitably  expended  iu  fiscal  year  euding  June  30, 1879.     100, 000  00 
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A  A  4. 

IMPROVEMENT  OF  THE  HARBOR  AT  NEW  BUFFALO,  MICHIGAN. 

I  assumed  charge  of  this  barbor  early  in  May,  relieving  Maj.  G.  L. 
Gillespie,  per  Special  Orders  No.  85,  Adjutaut-Geueral's  Office,  Wash- 
ington, D.  0.,  April  21, 1877. 

No  work  has  been  done  daring  the  year,  none  is  contemplated  for  the 
ensuing  year,  and  no  further  appropriation  is  recommended. 

The  Board  of  Engineers,  iu  sessiou  June  24,  1868,  estimated  the  cost 
of  improving  this  harbor  at  $500,000,  with  a  subsequent  anuual  expendi- 
ture of  $10,000  for  its  preservation,  and  accordingly  recommended  that 
"the  attempt  to  improve  the  harbor  should  be  abandoned.''  It  is  of  no 
evideut  necessity  as  a  harbor  of  refuge;  it  is  evidently  a  work  of  no 
preseDt  national  importance,  nor  is  there  any  local  commerce  even. 

The  amount  appropriated  to  date  is  $70,000,  of  which  $64,986.56  has  been  expended. 
No  money  has  been  appropriated  since  1872. 

The  present  condition  of  the  harbor  is  as  follows :  the  west  pier  is  in 
a  dilapidated  state,  with  no  filliug  visible;  the  outer  end  of  this  pier 
has  been  carried  away  to  the  shore- Hue.  The  piles  of  the  east  pier  are 
still  standing,  geuerally  in  good  condition,  but  there  is  no  filling  to  be 
seen  in  place.  A  bar  closes  the  eutrauce  to  the  harbor  between  the 
piers,  the  sea  iu  a  light  northerly  wind  breaking  entirely  across  it 
daring  my  inspection  made  a  few  days  since. 

New  Buffalo  is  in  the  collection-district  of  Grand  Haven,  Mich*  For  the  fiscal  year 
there  were  no  imports,  no  exports,  no  revenue  collected. 

There  is  no  light-house  at  the  harbor,  the  nearest  being  that  at  Michigan  City,  dis- 
tant 10  miles,  iu  a  southwesterly  direction. 

Money  statement. 

July  1,  1876,  amount  available $5,541  85 

July  1,  1»77,  amount  expended  during  fiscal  year : 52e*  41 

July  1,  1877,  amount  available 5,013  44 
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ANNUAL  REPORT  OF  MAJOR  S.  M.  MANSFIELD,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1877. 

United  States  Engineer  Office, 

Detroit,  Mich.,  July  13, 1877. 

General:  I  have  the  honor  to  forward  herewith  my  annual  reports 
relating  to  the  works  of  harbor  improvement  under  my  charge  for  the 
fiscal  year  ending  June  30, 1877. 

Very  respectfully,  your  obedieut  servant, 

t  S.  M.  Mansfield, 

Major  of  Engineers  and  Bvt  Lieut  Col.}  U.  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.A. 


BB  i.  • 

IMPROVEMENT  OF  CHARLEVOIX  HARBOR,  MICHIGAN. 

By  act  of  Congress  approved  August  14, 1876,  a  first  appropriation 
was  made  for  the  improvement  of  this  harbor  of  $10,000.  By  letter  of 
the  Chief  of  Engineers,  dated  May  1,  1877, 1  was  iuformed  that  the 
honorable  Secretary  of  War  had  authorized  the  expenditure  of  this  appro- 
priation, and  was  directed  accordingly  to  submit  a  project  for  its  appli- 
cation. The  project  was  in  accordance  with  plans  and  estimates  hereto- 
Tore  advanced,  and  consisted  of  dredging  some  12,000  yards  of  sand  and 
the  construction  and  placing  of  three  cribs  (without  superstructure)  to 
serve  as  a  pier- protection  to  the  dredged  channel. 

A  contract  was  entered  into  with  Carkin  &  Stickney  the  20th  day  of 
June  for  the  execution  of  this  work  between  the  1st  of  July  and  the 
1st  of  November,  1877,  at  figures  much  below  our  estimate,  which  will 
admit  of  more  work  being  accomplished  than  was  anticipated. 

Id  farther  continuance  of  the  work  of  improvement  here  $30,000  could  be  very  profit 
tably  expended  during  the  fiscal  year  ending  June  30,  1879. 

Considerable  trade  is  being  developed  at  this  point,  as  shown  by  the  statement  be- 
low, which  will  be  largely  extended  when  the  work  of  improvement  has  advanced 
sufficiently  to  afford  shelter  to  shipping  and  access  to  the  little  lakes. 

The  original  estimate  for  this  work  (modified  from  that  of  August  26, 1873)  amounted 
to  $186,000.  The  total  amount  appropriated  since  the  adoption  of  the  preseut  project 
w  $10,000. 

The  work  is  located  in  the  Michigan  collection-district,  Michigan.  It  is  situated  at 
the  mouth  of  Pine  River,  which  empties  itself  into  Lake  Michigan  between  Little  and 
Grand  Traverse  Bays.  The  nearest  port  of  entry  is  Grand  Haven,  Mich.  The  nearest 
light-station  is  at  Grand  Traverse. 

Statement  of  vessels  entered  and  cleared  during  the  year  ending  June  30, 1877 : 

Entered :  Number,  261 ;  tonnage,  29,551 ;  men,  1,576. 
Cleared  :  Number,  251 ;  tonnage  29,517  ;  men,  1,558. 
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Money  statement. 

Amount  appropriated  by  act  approved  August  14,  1876 - $10, 000  00 

July  1,  1877,  amount  expended  during  fiscal  year $135  57 

July  1,  1877,  outstanding  liabilities 4,620  19 

4, 755  76 

July  1,  1877,amount  available 5,244  24 

Amount  (estimated)  required  for  completion  of  existing  project 176, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.     30, 000  00 

Abstract  of  proposals  received  and  opened  June  4, 1877,  for  improving  the  harbor  at  CharTe- 

roiXy  Michigan. 


Bidders'  names  and  residences. 


1 
3 
3 
4 
5 
6 


Robert  M.  Steel,  Saint  John's,  Mich 

Curkin  &  Stickney.  East  Saginaw,  Mich.. 

Albert  Conro,  Milwaukee.  Wis  

Charles  S  Barfer.  Sault  Ste.  Marie,  Mich 

Duncan  Dewar.  Lndington,  Mich 

Chicago  Dredging  and  Dock  Company, 

Chicago,  111. 
O.  B.  Greene,  Chicago,  111 
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Contract  awarded  to  Carkin  &  Stickney,  lowest  bidders. 
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IMPROVEMENT  OF  FRANKFORT  HARBOR,  MICHIGAN. 


For  want  of  sufficient  funds  no  new  work  was  attempted  during  the 
fiscal  year  1876-77.  Some  necessary  repairs  were  made,  as  a  filling  of 
slabs  and  edgings  behind  the  south  pier  where  the  current  from  the 
little  lake  was  cutting  out  the  sand.  The  material  was  furnished  with- 
out cost  by  the  mill-owners. 

Soundings  taken  May  14, 1877,  show  an  available  water-way  of  11 
feet  between  the  piers ;  outside,  and  nearly  on  a  line  with  the  north 
pier,  only  about  10  feet  of  water  is  found  for  a  distance  of  100  feet. 

The  present  season,  under  the  appropriation  of  August  14,  1876,  of 
$3,000,  together  with  the  balance  of  a  former  appropriation,  the  follow- 
ing work  of  improvement  will  be  executed  : 

A  contract  was  entered  into  with  Robert  M.  Steel  for  a  crib,  50  feet 
by  30  feet,  to  be  placed  in  extension  of  the  south  pier;  to  be  commenced 
July  1,  and  to  be  completed  December  1,  1877. 

The  south  pier  east  of  the  pier-light  will  receive  one  or  two  courses 
of  timber  and  stone-ballast  for  a  distance  of  300  feet,  to  bring  it  to  the 
necessary  height  above  water  and  to  a  level  with  the  other  portions  of 
the  pier.    At  several  places  in  both  piers  and  revetments  broken  ties 
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and  side  timbers  will  be  replaced  by  new  ones.  The  outer  crib  of  the 
south  pier  will  have  to  be  almost  entirely  refilled  with  stone. 

Frankfort  Harbor  is  at  a  prominent  point  on  the  east  shore  of  Lake 
Michigau,  very  near  the  course  of  the  deep-draught  vessels  plyiug  the 
lakes.  It  is  important  as  a  harbor  of  refuge,  and  should  have  a  per- 
manent channel  -of  at  least  14  feet. 

To  carry  out  the  recommendations  made  yearly  since  1872  will  re- 
quire $22,000.  and  this  amount  could  be  profitably  expended  during  the 
year  ending  Juue  30,  1879. 

The  original  estimated  cost  of  the  work,  (1872,)  as  now  being  carried 
on,  was  $46,000.  The  total  amount  appropriated  since  the  adoption  of 
the  present  project  is  $43,000.  (See  Report  Chief  of  Eugiueers  tor  1875, 
page  244.) 

The  work  is  located  in  the  Michigan  collection-district,  Michigan.  The  nearest  port 
of  entry  is  Grand  Hikven,  Mich.  The  nearest  light-house  is  at  Point  Betsey,  (Point 
aux  Bees  Scies.)    A  l^ght  is  shown  near  head  of  south  pier. 

Statement  of  vessels  entered  and  cleared  during  the  year  ending  June  30,  1877. 

Entered :  Number,  241 ;  tonnage,  76,524 ;  men,  2,769. 
Cleared  :  Number,  237  ;  tonnage,  76,404  ;  men,  2,762. 

Money  statement. 


July  1, 1876,  amount  available $4,402  42 

Amount  appropriated  by  act  approved  August  14,  1876 3, 000  00 

Jnly  1,  1877,  amount  expended  during  fiscal  year 1, 141  96 

July  I,  le77,  outstanding  liabilities 2,**10  15 


|7, 402  42 


3,952  11 


Jnly  1,  1877,  amount  available 3,450  31 


Amount  (estimated)  required  for  completion  of  existing  project 22,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.  22, 000  00 

Abstract  of  proposals  received  and  opened  June  4,  1877,  for  improving  the  harbor  of  Frank- 

fort,  Michigan. 


A 
4 

5 
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Bidders'  names  and  residences. 


G.  M.  Wing,  Manistee,  Mich 

Chicago  Dredgiug   and  Dock    Company,  Chi- 
cago. 111. 

Dnucan  Dewar.  Ludington,  Mich.. 

Robert  M.  Steel.  Saint  Johns,  Mich 

James  Corlett,  Ludington,  Mich  ...J 

Horace  Butters,  Ludington,  Mich 

Allon  &  King,  Frankfurt,  Mich 
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3,  167  40 

2.822  34 
2.810  15 
3,  065  99 
3,  286  95 
3,243  40 


Contract  awarded  to  Robert  M.  Steel,  lowest  bidder. 
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BB3. 

IMPROVEMENT  OF  MANISTEE  HARBOR,  MICHIGAN. 

During  the  fiscal  year  1876-77,  with  the  balance  of  the  appropriation 
of  1875,  work  was  done  as  follows  : 

The  south  pier  received  au  additional  coarse  of  timber  for  a  length  of 
450  feet,  to  bring  it  to  the  proper  height  above  water,  and  to  a  level 
with  other  portions  of  the  pier.  Near  the  inuer  end  of  the  north  side 
revetment  the  filling  had  settled  so  as  to  endauger  a  loss  of  the  stone- 
ballast.  This  stone  was,  therefore,  removed  and  placed  as  ballast  and 
riprap  to  the  north  pier-head,  where  it  was  much  needed. 

An  obstruction  to  navigation,  caused  by  the  encroachmeut  of  the 
point  of  sand  in  the  bend  of  the  river,  was  successfully  removed  by  the 
employment  of  a  tug  to  dredge  it  with  her  wheel.  About  75  feet  was 
removed  very  quickly  to  a  depth  of  9  feet.  The  current  has  kept  the 
channel  tolerably  free  since,  so  that  it  has  not  been  necessary  to  renew 
the  operation. 

Soundings  taken  on  the  3d  of  May  show  an  available  channel-way 
of  about  10  feet  between  the  Government  piers. 

Of  the  new  crib-work  finished  last  year,  the  outer  crib  in  the  north 
pier  has  settled  badly  at  the  northwest  corner,  and  requires  releveliug 
stud  ballasting aud  riprappitig;  the  cribs  inside  of  this  are  in  good  con- 
dition. The  three  cribs  iu  the  south  pier  have  undergone  no  change  in 
position  since  completion  ;  the  outer  three  pockets  of  end  crib  require 
refilling. 

Under  the  appropriation  of  August  14, 1876,  ($14,000,)  a  contract  has 
been  entered  into  with  Squier  &  White  to  dredge  away  the  point  of 
sand  in  the  bend  of  the  river  aud  face  the  bank  with  ,320  feet  of  pile 
revetment,  and  to  dredge  the  channel  to  a  "depth  of  12  feet.  All  to  be 
completed  by  November  1,  1877.  The  balauce  of  fuuds-will  euable  us 
to  make  the  necessary  repairs  mentioued  above. 

As  the  further  extension  of  the  piers  at  this  harbor  is  demanded,  aud 
according  to  the  estimates  a  balauce  of  $76,771  is  required  for  the  pur- 
pose, the  sum  of  $30,000  could  be  very  profitably  expended  during  the 
year  ending  June  30,  1879. 

For  the  work  as  now  being  carried  on,  it  was  estimated,  (1873 :) 

For  pier-extension -\ $112,000  00 

And  for  revetment  and  dredging  in  channel,  (1675) 13,771  00 

Mnkingatotalof 125,771  00 

The  total  amount  appropriated  since  1873  is  $49,000. 

The  work  is  located  in  the  Michigan  collection-district,  Michigan.  The  nearest  port 
of  entry  is  Grand  Haven,  Mich.  The  nearest  light-house  is  the  Manistee  light,  (dis- 
continued on  October  15,  1875.)    A  light  is  shown  near  head  of  south  pier. 

Statement  of  vessels  entered  and  cleared  during  the  year  ending  June  30,  1877. 

Entered:  Number,  1,236;  tonnage,  279,850  ;  men,  11,019. 
Cleared:   Number,  1,237  ;  tonnage,  279,909 ;  men,  11,023. 

Money  statement. 

July  1, 1876,  amount  available $10,381  78 

Amount  appropriated  by  act  approved  August  14, 1876 14,000  00 

$24, 381  78 

July  1,  1877,  amount  expended  during  fiscal  year 10,564  42 

July  1,  1877,  outstanding  liabilities 6,647  57 

17,211  99 

July  1,  1677,  amount  available 7,   69  79 

Amount  (estimated)  required  for  completion  of  existing  project 76,771  00 

Amount  that  can  be  profitably  expended  iu  fiscal  year  eudiug  June  30,  1879.       30, 000  00 


APPENDIX   BB. 


905 


(St 
V 

s 


V. 
0 

< 
C 


8" 

6 


e 
s 


5 

e 

I 

I 

■w 


•d^SdoSSy 


oiqco   J9d '«qvi«   3a\xoui9^i 


t-  00  ©  C»  C*  00 

m~*  to  ooo 

r»  ^r  «  —  ©  n 

▼  oiiwc  o 

«  »-  C*  CO  «-«  « 
<fti       r*  ^4  iH 


•■*§  CO  5?  §5 


S 


pj8l  oiqno  jod  'pttvs  8a|3p9J(i 


CD  ^«  «>  CO  «  «  OD 
ri  iH  »•«  8*  G*  Cf  r* 


•^ooj  i«eai[  aod  'sand  Sujau<i 


m  ^  ao  o  in  o  m 
h«h«o«h 


•paoa  j»d  '83cq#pg; 


-"H«HHOJ« 


•pioo  J9d  'eaojg 


tr  ao  QO  O  00  QD  00 


o 


•panod  jod  'qyoq-Jtaios 


•panod  Jdd  'BJloq-^jjJCI 


^r  «w  to  r-  m  ift  <© 
ooooo  oo 

co  $"?o  *o  y«rs  o 
o  ooo  oo  o 

s 


*)OOJ  J«9 

-OTX  J9d  *»ajd  ai9q}io& 


SSSSSSS 


CO  ^*  «*«  •-  o  ' 


S 


J9d  *99qouj  8  &<\  t  ly[*0 


QOODHlfl-X 
—  C*0  «-i  r^  »H  o 


3 


6 


add  **9qaui  5i  £q'oi  'J^Q 


co  co  co  co  co  co  ct 


•jooj  oiqno  jod  'oat  J 


Si  §  §5  &  Si  8  ei 


a 

4) 

1 

s 

a 

B 

« 
c 

c 

1/ 
is 

« 


i3£<«SH 


<Jco 


o 


H««f  «(Of 


\ 


e 

3 

ao 
o 


•3 

'3 

a* 


'd 

as 

O 

a9 
u 
-w 

a 
c 
Q 


906  REPORT   OP   THE   CHIEF   OF   ENGINEERS. 

BB  4. 

IMPROVEMENT  OF  LUDINGTON  HARBOR,  MICHIGAN. 

Bat  little  was  accomplished  during  the  year  with  the  balance  left 
unexpended  of  the  appropriation  of  1875. 

The  iuner  end  of  the  south  pile  revetment,  which  had  lost  a  portion 
of  its  filliug  by  the  freezing  of  the  filling  at  the  water-level  aud  the 
actiou  of  the  current  underneath,  was  refilled  early  in  the  spring,  and 
a  repetition  of  the  occurrence  guarded  against  by  a  sheathing  of  plauk. 

Late  last  fall  (November  24)  a  report  was  received  that  the  end  crib 
of  the  south  pier  upon  which  the  light  stands,  had  lost  a  great  portion 
of  its  filling;  whereupon  a  cargo  of  stone  was  ordered  to  be  shipped 
to  Ludington  from  Chicago.  Owing  to  the  lateness  of  the  season 
delay  occurred  in  the  shipment,  and  the  severe  gale  of  December  8 
forced  the  crib  from  its  place  in  the  pier  and  carried  it  upon  the  beach 
400  feet  south  of  the  harbor,  where  it  now  lies.  The  cargo  of  stoue 
reached  Ludington  December  14.  The  crib  stands  upright  in  7  feet  of 
water  and  is  embedded  in  the  sand  to  a  depth  of  8  to  10  feet,  and  so  far 
as  can  be  ascertained  has  sustained  no  material  damage,  and  can  be  re- 
covered and  used  in  the  north  pier  to  advantage. 

The  condition  of  the  harbor  is  good.  The  channel,  which  was  dredged 
in  1876  through  the  middle  to  a  depth  of  about  13  feet  when  the  level 
of  the  lake  was  about  15  inches  higher  than  now,  has  an  available 
waterway  of  about  12  feet. 

The  northwest  comer  of  the  outer  crib,  north  pier,  has  settled  badly, 
and  needs  releveling  and  additional  stone  filling.  The  superstructure 
has  received  some  little  iujury  from  the  collision  of  a  steamer,  aud  needs 
repair.  The  second  crib  from  the  end  on  south  pier  needs  more  stone 
filling. 

Under  the  appropriation  of  August  14,  1876,  ($10,000)  a  contract  has 
been  entered  into  with  Duncan  Dewar  to  place  two  cribs  in  extension  of 
the  south  pier  and  complete  superstructure  over  them  bv  November  1, 
1877. 

It  is  intended  to  apply  a  portion  of  the  funds  remaining  after  comple- 
tion of  the  contract  to  repairing  the  work  at  the  places  above  mentioned ; 
and,  if  the  then  remaining  balance  will  be  sufficient,  to  raise  and  place 
the  displaced  crib  in  extension  of  the  uorth  pier. 

The  recommendations  for  pier  extension,  as  well  as  the  estimates  of 
1875,  are  here  renewed.  The  unappropriated  balance  of  $26,000  can  be 
profitably  expended  during  the  year  endiug  Juue  30,  1879. 

The  original  estimated  cost  of  the  improvements  at  this  point  was 
$270,682.16,  but  modifications  from  time  to  time  in  the  recommendations 
and  estimates  have  reduced  these  figures.  The  total  amount  appro- 
priated since  1867  is  $176,500. 

This  work  is  situated  in  tbc  Michigan  collection-district,  Michigan.  The  nearest 
port  of  entry  is  Grand  Haven,  Mich.  The  nearest  light-house  is  at  Grande  Point  an 
Sable.    A  light  is  shown  near  head  of  south  pier. 

Statement  of  vessels  entered  and  cleared  during  the  year  ending  Jane  30,  1877. 

Fntered :  Number,  646  ;  tonnage,  120,446  ;  men,  3,866. 
Cleared:  dumber,  642;  tonnage,  119,980;  men,  3,840. 
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Money  statement 

July  1, 1876,  amount  available $2,037  03 

Amount  appropriated  by  act  approved  August  14,  1876 10,000  00 

$12, 037  03  , 

July  1, 1877,  amount  expended  during  fiscal  year 1, 826  47 

July  1, 1877,  outstanding  liabilities 6,167  53 

7,994  00 

July  1, 1877  amount  available 4,043  03 

Amount  (estimated)  required  for  completion  of  existing  project 26, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879. .    £6, 000  00 

Afotract  of  proposals  received  and  opened  June  4,  1877,  for  improving  the  harbor  of  Luding- 

lon,  Michigan. 


Bidders'  names  and  residences. 


Robert  M.  Steel,  Saint  John's,  Mich 

James  Corlctt,  LudingtoD,  Mich  — 

Horace  Bo  tiers,  Lndington,  Mich 

C  albert  «fc  Hopkins,  Mnekeson,  Mich 

John  £.  Thames,  Chicago,  III 

Duncan  Dewar.  Lndiugton,  Mich 

Knapp  &.  Gillen,  Racine,  Wis 

Chicago  Dredging  and  Dock  Company,  Chicago, 
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16,201  04 
«,  627  85 
7,186  53 
6, 363  95 
7,113  51 
6, 167  53 
6,  629  37 
6,963  90 


Contract  awarded  to  Duncan  Dewar,  lowest  bidder. 


BB5. 

IMPROVEMENT  OF  PENTWATER  HARBOR,  MICHIGAN. 

During  the  year  the  United  States  dredging  apparatus  removed  7,230 
cubic  yards  of  sand  from  the  shoal  portious  of  the  channel,  aud  the  piers 
alongside,  through  which  the  sand  found  its  way,  were  overhauled  and 
reballasted.  The  outer  pockets  of  the  north  pier-head  were  refilled,  and 
the  superstructure  and  fenders  were  repaired  where  found  necessary. 

The  piers  this  spring  were  found  in  tolerably  good  condition,  with  the 
exception  of  the  north  pier  head  crib,  which  had  again  lost  its  stone- 
filling  from  the  four  outer  pockets. 

[Jnder  the  appropriation  of  August  14, 1876,  ($10,000,)  a  contract  has 
been  eutered  into  with  Squier  &  White  for  carrying  the  north  side  re- 
vetment eastward  500  feet,  (more  or  less,)  which  will  involve  the  re- 
moval of  5,500  yards  of  old  slab-work  and  6,500  yards  of  sand.  The 
work  is  to  be  completed  by  the  1st  of  November,  1877. 

The  balance  of  fuuds  that  will  remain,  after  completion  of  this  con- 
tra^ will  be  sufficient  to  reballast  the  pier-head*,  and  to  make  some 
other  repairs  that  are  needed. 

The  recommendations  and  estimates  made  annually  since  1873  are 
renewed,  and  the  unappropriated  balance  of  $39,200  can  be  profitably 
expended  during  the  next  fiscal  year. 
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Original  plan  of  improvement  (1866)  required  a  sum  of  $327,713.40. 
Estimates  rendered  since  then  require  a  less  amount  of  money  for  ex- 
penditure. There  has  been  appropriated  to  this  harbor  $153,000  from 
1867  to  1876,  inclusive. 

This  work  is  situated  in  the  Michigan  collection-district,  Michigan.  The  nearest 
port  of  entry  is  Grand  Haven,  Mich.  The  nearest  light-house  is  at  Petite  Pointe  au 
Sable.    A  light  is  shown  near  head  of  south  pier. 

Statement  of  vessels  entered  and  cleared  during  the  year  ending  June  30, 1877. 

Entered:  Number,  260;  tonnage,  23,916 ;  men,  1,283. 
Cleared:  Number,  258;  tonnage,  23,619;  men,  1,250. 

Money  statement 

July  1, 1876,  amount  available $1,703  63 

Amount  appropriated  by  act  approved  August  14,  1876 10,000  00 

$11,703  63 

July  1, 1877,  amount  expended  during  fiscal  year 1, 874  47 

July  1,  1877,  outstanding  liabilities 5,957  86 

7, 832  33 

July  1,  1877,  amount  available 3,871  30 

Amount  (estimated)  required  for  completion  of  existing  project 39, 200  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.     39, 200  00 
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BB6. 

IMPROVEMENT  OF  WHITE  RIVER  HARBOR,  MICHIGAN. 

Daring  the  months  of  August  and  September,  with  the  unexpended 
balance  of  the  appropriation  of  1875,  the  end  crib  of  the  south  pier  was 
releveled  aud  reballasted,  and  some  repairs  were  put  upon  the  north 
pier. 

The  United  States  dredging  apparatus  removed  the  wreck  of  a  vessel 
which  had  drifted  into  the  channel  the  previous  winter,  and  dredged 
and  removed  12,480  cubic  yards  of  sand,  thus  deepening  the  channel  for 
a  distance  of  400  feet.    This  work  exhausted  the  appropriation  of  1875. 

From  the  appropriation  of  August  14,  1876,  ($5,000,)  an  allotment  of 
$1,000  was  made  in  the  latter  part  of  September  for  pier  repairs;  and 
with  this  repairs  were  commenced  on  south  pile-pier,  when  the  severe 
storms  early  in  October  seriously  interrupted  the  work  and  endangered 
the  crib-pier,  especially  the  crib  upon  which  the  light  stands.  (This  crib 
lost  three  courses  of  its  superstructure  on  the  south  side  and  a  large 
portion  of  its  ballast.)  Attention  was,  therefore,  bestowed  upon  the 
cribs,  and  the  repairs  absolutely  necessary  for  their  preservation,  to- 
gether with  the  expense  of  laying  up  the  dredging  apparatus  for  the 
winter,  exhausted  the  fuuds  of  this  allotment  without  enabling  us  to  do 
much  toward  repairing  the  pile-pier. 

This  spring  it  was  found  that  the  channel  alongside  of  the  south  pile- 
pier,  east  of  the  crib-work,  had  shoaled  to  8J  and  9  feet  for  a  length  of 
about  200  feet. 

The  balance  of  the  appropriation  ($4,000)  was  ma(le  available  early  in 
May.  The  work  projected  for  this  season  is  to  dredge  the  shoal  places 
with  the  Government  dredge  and  overhaul  the  pier- work  to  the  exteut 
of  the  available  fuuds. 

The  dredging  apparatus,  after  receiving  necessary  repairs  and  before 
going  to  South  Haven,  opened  a  channel  of  10  feet  through  this  shoal. 
The  overhauling  of  the  piers  is  deferred  till  later,  when  the  dredge  will 
return  to  the  harbor  about  the  1st  of  September. 

A  break  in  the  north  pile-pier,  about  midway  betweeu  the  shore-line 
and  end  of  pier,  caused  by  the  collision  of  a  schooner  with  the  piers, 
was  repaired  in  June. 

To  continue  permanent  improvements  here,  as  suggested  in  the  report 
of  1873,  (pier  extension,)  will  require  the  unappropriated  balance  of 
$31,891.56.  This  amount  can  be  profitably  expended  during  the  next 
working  season. 

Original  estimate  (1866)  amounted  to  $170,630.80.  The  estimate  of 
1873  increased  these  figures.  There  has  been  appropriated,  since  1867, 
and  to  iuclude  August  14,  1876,  $184,000. 

This  work  is  located  in  the  Michigan  collection-district,  Michigan.    It  is  situated  at 
the  White  River  light-house.    The  nearest  port  of  entry  is  Grand  Haven,  Michigan. 

Statement  o/vesstls  entered  and  cleared  during  the  year  ending  June  30, 1877. 

Entered  :  Number,  712;  tonnage,  84,331;  men,  4,253. 
Cleared:  Number,  714;  tonnage,  84,443 ;  men,  4,264. 
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Money  statement. 

July  1, 1876,  amount  available $2,080  46 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  00 

7,080  46 

July  1,  1877,  amount  expended  daring  fiscal  year 4,  150  79 

My  1, 1877,  amount  available 2,929  67 

Amount  (estimated)  required  for  completion  of  existing  project,  (including 

dredging) 36,891  56 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.  31, 891  56 


BB7. 

IMPROVEMENT  OF  MUSKEGON  HARBOR,  MICHIGAN. 

The  work  at  this  harbor  daring  the  fiscal  year,  1876-77,  consisted  of 
repairs,  which  were  partly  intimated  in  last  year's  report  as  necessary 
to  be  made,  and  were  as  follows  : 

The  south  pile-pier  at  the  junction  with  the  crib- work,  where  the  en- 
tire filling  for  a  distance  of  50  feet  had  washed  out,  was  repaired  aud 
refilled.  A  portion  of  the  superstructure  and  the  stone  filling  at  the 
outer  end  of  the  south  pier,  which  was  carried  away  by  a  schooner  col- 
liding with  the  pier,  was  replaced.  On  both  north  and  south  piers  some 
crib-iutervals  were  closed  and  refilled,  and  broken,  rotten  timbers  were 
replaced  by  new  ones.  The  north  crib-pier,  near  its  eastern  end,  over  a 
distance  of  150  feet,  an  additional  course  of  timber  was  framed,  to  bring 
it  uearer  to  the  height  of  the  pier  east  aud  west  of  this  lower  portion. 
The  north  pierhead  received  a  new  plank  decking  and  additional  stone- 
ballast.  A  break  in  the  old  slab  and  log  pier  east  of  south  Government 
pier  was  repaired  and  secured  from  further  damage  in  December  last. 
All  this  work  was  done  by  hired  labor  and  open-market  purchase  with 
the  balance  on  hand  from  the  appropriation  of  1875. 

Upon  examination  of  the  harbor  works  in  June  last,  we  found  that 
the  west  end  of  the  south  prer  bad  settled  about  2  feet  since  the  pre- 
vious fall,  and  that  the  side  compartmeuts  of  the  end  crib  had  lost  the 
greater  portion  of  the  stone  filling.  Also,  that  the  southwest  corner  of 
this  crib  was  considerably  damaged  by  the  collision  of  a  vessel  with  the 
pier,  and  requires  a  new  superstructure  at  this  place.  The  north  pier- 
head crib,  which  had  kept  its  good  position  for  several  years,  had  settled 
badly  since  last  fall,  so  that  the  north  west  corner  is  only  20  inches  above 
water,  and  the  superstructure  between  this  and  the  next  crib  is  broken 
and  disconnected. 

The  channel  of  the  harbor  is  in  good  condition,  with  an  available  water- 
way of  about  13  feet  between  the  Government  piers. 

During  the  present  fiscal  year,  uuder  the  appropriation  of  August  14, 
1876,  ($15,000,)  two  ctibs,  (each  50'  by  30'  by  26£',)  will  be  placed  in  ex- 
tension of  the  south  pier.  A  contract  with  Culbert  &  Hopkins  was  en- 
tered into  the  16th  day  of  June,  1877,  for  the  execution  of  this  work  be- 
tween the  1st  of  July  and  1st  of  December,  1877. 

Needed  repairs,  as  above  mentioned,  will  be  made  by  hired  labor  and 
open  purchase. 

The  eud  of  the  south  pier  will  rest  in  20  feet  (or  more)  of  water,  and 
do  appropriation  is  asked  for  the  fiscal  year  1878-79.  The  balauce 
which  will  remain  from  the  last  appropriation  will  be  sufficient  for  re- 
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pairs  and  to  secure  the  work  from  damage.  The  contemplated  exten- 
sion of  the  south  pier,  I  think,  may  be  delayed  without  detriment  to 
navigation. 

Estimate  of  1873  called  for  $56,000,  to  which  was  added  (report  of 
1875,)  $2,898.04.  Total,  $58,898.04.  Appropriations  since  1873  amount 
to  $50,000. 

This  work  is  located  in  the  Michigan  collection-district,  Michigan.    It  is  sitnated  at 
the  Muskegon   light-house.    The  nearest  port  of  entry  is  Grand  Haven,    Michigan. 

Statement  of  vessels  entered  and  cleared  during  the  year. 

Entered:  Number,  2,162 ;  tonnage  431,134  ;  men,  16,153. 
Cleared  :  Number,  2,143  ;  tonnage,  430,412  ;  men,  16,117. 

Money  statement.  / 

July  1, 1876,  amount  available $6,528  62 

Amount  appropriated  by  act  approved  August  14,  1876  15,000  00 


July  1,  1877,  amount  expended  during  fiscal  year 3, 703  16 

July  1,  1877,  outstanding  liabilitits 8,543  98 


$21,528  62 
12,247  14 


July  1,  1877,amount  available 9,281  48 

Amount  (estimated)  required  for  completion  of  existing  project 8, 898  04 

Abstract  of  proposals  received  and  opened  June  4,  1877,  for  improving  the  harbor  of  Muske- 
gon, Michigan. 


l 
2 
3 

4 

5 
6 

7 
8 


Bidders'  names  and  residences. 


Timber. 


© 

A 

O 
© 

«  2 

» 

© 

a 


Knapp  &  Gillen,  Racine.  Wis 

Loom i a  &.  McKey,  Beerfleld,  Mich 

Roleit  M.  Steel,* Saiut  John's,  Mich 

James  Coilett.  Ludington,  Mich 

James  Caldwell,  Fulton,  N.  Y 

Chicago  Dredging  and  Dock  Company,  Chicago, 

.III* 

Cnlbert  &  Hopkins,  Muskegon,  Mich 

John  E.  Thomes,  Chicago,  111 
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8  50 

8  75 

9  00 
8  00 


7  50 
9  25 


a 
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$4  00 


50 
00 
00 
00 
00 


3  00 
5  00 


Aggregate. 


$9, 176  60 
11.896  41 
9,191  80 
9,637  22 
9,771  19 
9,  735  69 

8, 543  98 
10, 123  52 


Contract  awarded  to  Culbert  &  Hopkins,  lowest  bidders. 


B  B8. 

IMPROVEMENT  OF  GRAND  HAVEN  HARBOR,  MICHIGAN. 

During  the  season  of  1876,  some  slight  repairs  in  the  way  of  over- 
hauling and  refilling  defective  places  were  made  to  the  south  pier.  Tbe 
head  of  the  north  pier,  which  had  been  damaged  by  the  schoouer  Her- 
ald, was  repaired,  and  both  pier-heads  riprapped,  leaving  them  in  good 
shape  for  the  winter. 

This  spring's  examination  shows  the  north  pier-head  has  settled  to 
the  northward  a  very  little.  The  filling  in  the  north  pile-pier  and  re- 
vetment has  settled  considerably  for  a  length  of  about  900  feet,  so  as  to 
require  attention.  The  filling  in  the  south  revetment  also  has  settled, 
aud  in  several  places  is  so  shaken  up  by  the  heavy  seas  as  to  require 
quite  an  outlay  of  money  to  place  it  in  good  condition  again. 

A  more  uuiform  depth  of  water  is  found  now,  both  between  the  piers 
and  beyond  in  the  lake,  than  at  any  time  before.  The  whole  chauuel- 
way  between  the  piers  is  now  available  for  any  class  of  vessels  plying 
the  lakes. 
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The  shore  line  south  of  the  harbor  has  receded  about  20  feet,  while 
on  the  north  side  it  is  made  out  about  30  feet  uniformly  for  nearly  one- 
half  a  mile  northward. 

Under  the  appropriation  approved  August  14, 1876,  of  $15,000,  a  con- 
tract was  made  November  25,  1876,  with  Mr.  James  Caldwell,  to  com- 
mence May  1,  1877,  the  construction  and  placing  of  three  cribs  in  exten- 
sion of  the  north  pier,  and  to  complete  the  work  by  the  1st  of  July,  1877. 

Work  uuder  this  contract  has  progressed  very  slowly.  One  crib  has 
been  ready  to  sink  for  nearly  two  weeks,  but  the  weather  has  afforded 
a  partial  excuse  for  its  not  being  in  place  at  this  time.  Another  crib 
is  nearly  completed.  Both  cribs  will  probably  be  in  position  by  the  10th 
of  July,  and  it  is  expected  that  the  third  one  will  be  placed  by  the  end 
of  the  month. 

Upon  completion  of  this  work  the  pier-heads  will  be  nearly  abreast  the 
north  pier,  a  little  the  longer.  A  further  extension  of  the  north  pier  I 
would  defer  for  the  preseut,  and  therefore  this  portion  of  my  recom- 
mendations of  last  year  is  omitted ;  the  balance  is  renewed,  as  follows  : 
To  continue  the  revetment  on  south  side,  into  the  beud  of  the  river,  at 
an  estimated  cost  of  $14,400;  for  repairs,  including  contingencies  and 
superintendence,  $3,640.  The  superstructure  of  the  outer  800  feet* of 
south  pier  is  very  much  distorted  by  irregular  settlement  of  the  cribs, 
aud  will  shortly  have  to  be  replaced  by  a  uew  structure.  It  is  difficult 
to  estimate  the  cost  of  removal  of  this  old  work,  but  I  place  it  at  $500. 
The  new  superstructure  will  cost  $0,108.96.     Total,  $0,608.06. 

In  1872  it  was  estimated  that  the  amount  required  to  complete  this 
harbor  would  be  $233,300. 

The  recommendations  heretofore  made  embrace  for  the  improvement 
of  the  harbor — 

Extension  of  north  pier $ 32, 000  00 

Revetment  of  south  side 14,4o0  00 

Repair*,  coutingencien,  and  superintendence 3,  h'40  00 

New  superstructure  over  old  work  ou  south,  pier 9, 108  96 

Total 59,148  96 

Leas  last  year's  appropriation 15,  000 

Leaves  the  unappropriated  balance  at 44, 148  96 

Total  amount  appropriated  since  1866  to  the  present  date,  $279,751. 
The  original  estimate  (1866)  coutemplateu  an  expenditure  of  $352,770.47. 

This  work  is  located  in  the  Michigan  collection-district  of  Michigan.  Grand  Haven 
is  the  port  of  entry.    It  is  situated  at  the  Graud  Haven  lights. 

Statement  of  vessels  entered  and  cleared  during  the  year  ending  June  30,  1877. 

Entered:  Number,  867;  tonnage,  397,044  ;  men,  10,703. 
Cleared  :  Number,  837  ;  tonnage,  421,544  ;  nieu,  10,79(5. 

Money  statement. 

July  1,  1876,  amount  available 81,774  23 

Amount  appropriated  by  act  approved  August  14,  1876 lo,  000  00 

$19,774  23 

July  1,  1877,  amount  expended  during  fiscal  year 3,504.   '2 

July  1,  1877,  outstanding  liabilities 13.^:   .  ^ 

16,770  84 

Joly  1,  1877,  amount  available 3. 0<u  39 

Amoant  (estimated)  required  for  completion  of  existing  project 44,  I  »-<  90 

Amount  that  can  be  profitably  expended  in  fiscal  year  emliug  June  30, 1879.       27, 64i  90 

5$   E 
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Abstract  ofpropomU  received  and  opened  Xorember  8,  1876,  for  improving  harbor  at  Grand 

Haven,  Michigan. 


1 
2 
3 

4 

5 


Bidders'  names  and  residences. 


R.  A.  Conolly,  Chicago,  111 $0  39 

James  Caldwell,  Fulton,  N.  Y 

Steel  &  Smith,  Detroit,  Mich 

Knapp  &Gillen,  Racine,  Wis 

Squier  &,  White,  Uraud  Haven,  Mich 
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05 

1 
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#19, 140  29 
13,264  72 
13,  739  51 
17,441  79 
13,776  14 


Contract  awarded  to  James  Caldwell,  lowest  bidder. 


BBg. 
IMPROVEMENT  OF  BLACK  LAKE  HARBOR,  MICHIGAN. 

The  encroachment  of  sand  upon  the  channel  through  the  revetments 
and  into  the  mouth  of  the  harbor  left  but  7  feet  of  water  in  the  channel 
in  September,  1876. 

There  being  no  funds  available  for  any  extended  repairs,  the  pier- 
heads were  filled  with  stone  and  i  iprapped  and  so  left  secure  for  the  winter. 

This  spring  there  was  found  an  average  depth  of  only  6£  feet  of  water 
between  the  piers  for  quite  a  stretch. 

Under  the  appropriation  approved  August  14,  1876,  a  contract  has 
been  made  with  Squier  &  White  to  dredge  the  channel  and  add  one 
crib  to  the  south  pier.  Duriug  the  month  of  Juue  they  have  had  two 
dredges  employed,  and  have  removed  from  the  channel  14,297  cubic 
yards  of  sand.  About  800  feet  of  revetment  is  to  be  overhauled  and 
will  be  filled  with  brush,  built  in  after  the  manner  adopted  in  Holland, 
so  as  to  make  it  absolutely  impervious  to  sand.  Five  huudred  feet  has 
already  beeu  freed  of  old  aud  worthless  tilling  and  in  part  replaced  with 
56^  cords  of  brush-mats. 

It  is  believed  that  the  work  of  this  season  will  give  to  this  harbor  a 
depth  of  10  feet.  The  piers,  however,  rest  in  11  feet,  and  as  the  cur- 
rent here  depends  almost  eutirely  upon  the  winds,  a  heavy  westerly 
storm  will  stir  up  the  bottom  at  this  depth  and  carry  the  sands  into  the 
channel,  to  be  lodged  there.  The  piers  should  be  carried  out  to  the  15 
ieet  curve  to  secure  a  depth  in  the  channel  of  12  feet,  which  is  but  com- 
mensurate with  the  importance  of  the  harbor.  An  extension  of  200 
feet  to  both  piers  will  be  required  and  will  cost  $32,000. 

I  attach  hereto  a  couple  of  letters  received,  settiug  forth  some  of  the 
claims  of  Black  Lake  Harbor  to  be  considered  as  an  importaut  national 
work. 

The  original  estimate  for  this  harbor  (1866)  amounted  to  $106,238.04. 
Appropriations  of  1866-'07  covered  that  amount.  Recommendations 
aud  estimates,  rendered  siuce  1867,  for  the  continuation  of  improve- 
ments here,  require  the  expenditure  of  $32,000,  which  amount  can  be 
profitably  expended  duriug  the  fiscal  year  ending  June  30,  1879. 

This  work  is  located  in  the  Michigan  collection-district,  Michigan.  It  is  situated  at 
the  Holland  light,  (pier-head  light  near  end  of  south  pier.)  The  nearest  port  of  entry 
is  Grand  Haven,  Mich. 
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Statement  of  vessels  entered  and  cleared  during  the  year  ending  June  30,  1877. 

Entered:  Number,  226;  tonnage,  13,528;  men,  891. 
Cleared  :  Number,  224  ;  tonnage,  13,461 ,  men,  861. 

Money  statement 

July  1,  1876,  amonot  available $4,281  65 

Amount  appropriated  by  act  approved  August  14,  1876 15,000  00 

$19,281  65 

Joly  1,  1877,  amount  expended  during  fiscal  year 1, 60ri  32 

July  1,  lb77,  outstanding  liabilities 7,191  18 

8,799  50 

July  1, 1877,  amount  available 10, 482  15 

Amount  (estimated)  required  for  completion  of  existing  project 32, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1*79 32,000  00 

Abstract  of  proposals  received  and  opened  June  4,  1877,  for  improving  the  harbor  at  Black 

Lake,  Michigan. 


Bidder*'  names  and  residences. 
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>| 
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Coatea&  Hutchinson  San gatuck, Mich 
Robert  M.  Ste«?l,  Saint  John's,  Mich. . . 
Chicago  Dredging  and  Dock  Company, 

Chicago,  111. 

Kauterfl  A  Sou,  Holland,  Mich 

Suaier  &.  White,  Grand  Haven,  Mich 
Charles  K.  Barker,  SaultSainte  Marie, 

Mich. 
Culbert  Sc  Hopkins,  Mnskegon,  Mich . . 
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$9. 404  48 
8,  59U  28 
7, 005  03 

7,816  37 
5,855  59 
8,  442  11 

6, 318  55 


Contract  awarded  to  Squier  <fc  White,  lowest  bidders. 
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Letter  of  Mr.  Henry  D.  Post. 

Holland,  Mich'.,  July  4, 1877. 

Dear  Sir  :  As  suggested,  I  will  give  yon  some  of  the  points  of  the  claims  of  Hol- 
land Harbor  to  be  considered  as  an  important  national  work. 


PHYSICAL  FEATURES. 

Black  Lake  Las  some  physical  peculiarities  which  should  be  considered.  It  is  the 
moat  easterly  barbor  of  the  eastern  shore  of  Lake  Michigan  south  of  little  Pointe 
Sable,  being  at  the  bottom  of  the  great  bay  of  the  eastern  shore,  between  that  point 
and  the  bead  of  the  lake.  Here  the  navigable  waters  of  Lake  Michigan  extend  into 
tb«  great  body  of  heavy  loam  soil  of  the  bowlder-clay  formation,  which  makes  the 
greatest  amount  and  the  best  quality  of  soil  of  the  farming-lands  of  the  lower  penin- 
sula of  Michigan.  West  from  the  entrance  to  Black  Lake  is  the  broadest  expanse  of 
water  and  the  greatest  depth  of  Lake  Michigan.  The  coast-Hue  varies  so  little  from 
a  north  and  sonth»line  between  tho  mouths  of  the  Kalamazoo  and  Grand  Rivers,  that 
the  coast  is  seldom,  almost  never,  blocked  with  ice  by  southwesterly  or  northwesterly 
winds  in  winter. 

RAILROAD  CONNECTIONS. 

Holland  is  connected  by  the  Chicago  and  Michigan  Lake  Shore  Railroad  with  the 
Michigan  Central  trunk  line  to  the  eastward,  directly  via  the  Graud  R;ipids  division, 
and  indirectly  to  the  southward.    By  the  establishment  of  ashippiug  connection  with 
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Milwaukee,  it  would  become  a  point  on  the  shortest  possible  line  connecting  Milwau- 
kee with  the  Michigan  Central  Railroad  system  of  roads. 

The  Michigan  Lake  Shore  Railroad  connects  at  Allegan  with  the  Lake  Shore  and 
Michigan  Southern  system  of  roads,  and  when  the  Michigan  Lake  Shore  is  consolidated 
with  aud  becomes  a  part  of  the  Mansfield,  Coldwater  and  Lake  Michigan  Railroad,  it. 
is  then  a  poiut  on  the  shortest  trunk  line  between  Milwaukee  and  New  York  City. 
The  Michigan  Lake  Shore  road  also  connects  Holland  with  the  Pennsylvania  Central 
system  of  roads,  and  it  is  thus  au  important  point  in  the  connection  of  Milwaukee 
and  the  great  Northwest  with  three  of  the  great  trunk  lines  to  the  Atlantic.  Some 
two  years  ago  the  attention  of  the  Board  of  Trade  of  Milwaukee  was  directed  to  this 
subject  of  a  new  outlet  for  their  eastward-bound  freights,  and  responsible  parties  pro- 
posed to  establish  a  line  of  boats  from  Milwaukee  to  Holland  as  soon  as  the  harbor  en- 
trance will  admit  them  safely  in  all  weath-ers.  Several  attempts  have  been  made  to  estab- 
lish steam-lines  from  Holland  to  Chicago,  but  the  unsafe  and  uncertain  condition  of 
the  harbor  has  always  been  the  obstacle  to  their  success  which  could  not  he  overcome 

LOCAL   BUSINESS. 

Holland  is  the  commercial  center  of  the  largest,  most  densely  populated,  and  the 
wealthiest  farming  community  on  the  eastern  shore  of  Lake  Michigan.  Its  farming- 
lands  have  a  deep,  strong  loam  '*  bowlder-clay"  soil,  and  the  finest  winter-wheat  raised 
in  the  Northwest  is  a  staple  product.  Au  excellent  soil  for  the  cultivated  grapes,  hay, 
and  dairy-products ;  are,  perhaps,  next  to  wheat,  the  great  staples.  It  is  at  the  center 
of  the  '•  peach-belt"  of  the  eastern  shore,  and  its  soils  and  climate  are  unsurpassed  for 
the  cultivation  of  peaches,  grapes,  and  small  fruits,  while  its  heavy  loam  soils  are  supe- 
rior to  many  for  the  culture  of  the  apple  and  the  pear. 

The  almost  unlimited  extension  of  the  bnsiness  of  raising  choice  fruits  for  the  sup- 
ply of  the  western  markets  has  been  heretofore  hindered  for  the  want  of  steam  trans- 
portation to  the  westward.  Here,  again,  the  want  of  a  harbor  is  the  great  hinderance 
to  success. 

Our  manufacturing  interests  are  growing  as  rapidly  as  the  general  depression  of 
business  will  permit.  We  probably  manufacture  more  leather  than  any  other  town  in 
Michigan.  Our  tanneries  require  about  8,000  cords  of  hemlock-bark,  and  100,000  hides ; 
and  their  products  reach  the  value  of  some  §500.000  per  year.  They  are  now  compelled 
by  th«  want  of  steam-lines  by  water  to  transport  by  rail,  although  it  would  be  much 
ch-  per  and  more  convenient  to  ship  by  water.  A  large  cooperage  factory  also  requires 
a  large  amouut  of  lake-transportation  of  rough  stock  in  and  manufactured  products 
outward. 

We  have  within  a  few  miles  of  Holland  five  extensive  beds  of  iron-ore,  and  proba- 
bly more  remain  to  be  discovered.  Just  at  the  commencement  of  the  present  hard 
times,  a  company  was  organized  to  build  a  furuace  to  manufacture  pig-iron.  Fortu- 
nately, the  company  had  not  got  too  far  to  suspend  operations  without  loss,  and  it  lies 
dormant,  waiting  for  better  times. 

The  advantages  of  the  location  are  such  that  there  is  very  little  doubt  that  this  will 
become  the  seat  of  a  heavy  iron-manufacturing  interest.  A  furnace  on  a  moderately 
large  scale  would  require  at  least  10,000  tons  of  lake-transportation  of  stock  iuward, 
besides  the,  tonnage  of  the  manufactured  iron  outward.  The  ores  found  here  are  most 
valuable  to  mix  with  the  specular  ore  from  Lake  Superior  mines,  so  that  at  least  half 
the  ore  smelted  will  be  shipped  in  from  the  lake.  Limestone  for  fluxing,  and  cord- 
wood  for  charcoal,  must  also  be  imported  from  Lake  Michigan. 

LOCAL  TRAVEL  AND  TRAFFIC  OF  RAILROADS  CONNECTING   HERE. 

With  the  necessary  lines  of  boats  to  Milwaukee  and  to  Chicago,  the  port  of  Holland 
would  receive  the  travel  and  traffic  westward  of  the  Michigan  Lake  Shore  Railroad 
from  Mouteith,  including  Allegan  aud  all  the  intermediate  points,  a  distance  inward, 
southeast,  of  35  miles  ;  from  the  same  road,  half-way  to  Grand  Haven,  10  miles ;  from 
the  Chicago  aud  Michigan  Lake  Shore  Railroad,  south  ;  from  Grand  Junction, 29  miles; 
from  north,  from  Nnnica,  20  miles;  from  northeast,  from  Grandville,  19  miles.  The 
propneteis  of  the  extensive  plaster-beds  at  Graudville  are  only  waitiug  for  the  com- 
pltMion  ot  Holland  Harbor  to  make  extensive  arrangements  for  the  shipment  of  their 
plaster  for  Wi  -oiisin  and  Minnesota  through  here.  And  we  can  at  le^st  compete  on 
eqiuil  terms  wi  h  Graud  Haven  for  the  lake  traffic  betweeu  Grand  Rapids  and  Chicago. 

With  such  "  «ho«iii{r,  we  claim  that  the  harbor  of  Black  Lake,  being  the  port  of 
Holland,  urns,  bn  considered  a  work,  not  merely  for  a  local  benefit  of  limited  extent, 
but  ot  national  importance,  as  opening  a  new  channel  for  the  commerce  of  the  great 
Northwest  to  *ard  the  Atlantic,  and  that  it  must  become  alsj  one  of  the  most  impor- 
tant ports  ou  the  eastern  shore  for  its  local  trade  with  the  States  west  of  Lake  Michigan. 
Very  respectfully,  yours, 

Henry  D.  Post. 

Captain  S.  (J  Mowkr. 
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Letter  of  Mr.  M.  D.  Howard. 

Holland,  Mich.,  July  4,  1877. 

Dkar  Sir  :  In  reply  to  yonr  inquiries  relating  to  the  resources  and  shipping  require- 
ments of  Holland  and  vicinity,  will  say  that  I  have  seen  Mr.  Post's  statement,  which 
be  will  forward  ere  this.    But  I  think  he  omitted  some  items  of  interest  that  may  with 
propriety  be  included,  to  wit:  Hemlock-bark  has  been  and  would  be  shipped  annually 
from  this  port  to  the  extent  of  from  2,000  to  5,000  cords  in  excess  of  the  tannery  de- 
mands, could  lake  freights  be  obtained  at  competing  rates.    Here  one  pays  $1.50  per 
cord  freight,  while  other  good  harbor  ports  get  them  at  $1.    In  staves  and  barrel  stock, 
usually  from  250,000  to  1,000,000  staves  per  annum  have  supplied  our  local  marine  with 
freights ;  now  they  are  shut  out  for  want  of  water.    In  the  matter  of  the  5,000  to  10,000 
cord  of  wood  annually  shipped  from  this  port,  the  trade  is  largely  reduced  on  account 
of  the  advanced  rates  of  shipment,  which  equal  nearly  50  cents  per  cord,  a  margin 
sufficient  to  secure  large  shipments,  if  it  could  be  saved. 

Six  months  would  not  elapse  after  we  have  secured  a  channel  suitable  for  iron -ore 
Tessels  to  enter  this  port  before  we  would  have  a  blast-furnace  that  would  develop  the 
bog-ore  that  exists  in  large  and  paying  quantities  in  the  vicinity  of  Black  Luke,  which 
would  develop  large  natural  wealth. 

The  time  required  to  fully  develop  all  that  could  be  said  on  this  port  in  season  for 
yonr  report  compels  me  to  be  brief;  but  we  feel  under  obligations  to  you  that  you  have 
given  the  opportunity  to  say  this  much. 
Yours, 

M.  D.  Howard. 

Captain  Mowek. 


BB  io. 

IMPROVEMENT  OF  SAUGATUCK  HARBOR,  MICHIGAN. 

In  the  fall  of  1876,  there  was  allotted  for  this  work  $1,500,  from  the 
appropriation  of  $3,000,  approved  August  14, 1876,  with  which  to  make 
necessary  repairs  for  preservation  of  the  existing  work.  This  sum  was 
expended,  with  the  exception  of  $172.44,  upon  the  outer  110  feet  of  the 
south  pier,  which  pat  it  in  good  shape  for  the  wiuter. 

Duriug  June,  with  the  unexpended  balance  of  the  appropriation,  still 
more  ballast  was  added  to  this  portiou  of  the  work,  and  the  outer  por- 
tion of  the  pier  was  decked  with  3-inch  plank,  extending  shoreward  on 
the  weather  (north)  side  of  the  pier  in  a  strip  6  feet  wide  for  224  feet, 
leaving  the  work  in  what  is  believed  to  be  a  permanently  good  condi- 
tion. 

In  the  bend  of  the  river,  16  pockets,  in  which  the  filling  had  settled 
uniformly  to  below  the  water-level,  were  refilled  with  edgings  and  bal- 
lasted with  stone. 

The  outer  end  of  north  pie" — the  outer  400  feet  of  which  was  entirely 
devoid  of  filling  to  a  depth  of  3  feet  below  water — was  refilled  for  a  dis- 
tance of  56  feet. 

Work  has  been  suspended  for  the  present,  as  the  inspector's  services 
are  needed  at  Black  Lake  Harbor.  The  balance  of  the  funds  will  be 
expended  later  in  refilling  the  north  pier  so  far  as  possible. 

The  local  industries  of  the  country  tributary  to  the  Kalamazoo  River 
in  the  vicinity  of  Saugatuck  have  undergone  a  great  change  in  the  last 
few  years.  The  timber  business,  which  was  formerly  the  absorbing 
interest,  has  given  way  to  fruit-culture  and  farming,  which  former  is 
rapidly  developing  into  considerable  proportions.  A  line  of  steamers 
ply  between  this  port  and  Chicago  direct,  and  appear  to  do  a  good 
business. 

Thirty-eight  thousand  four  hundred  and  fifty  eight  dollars  and  seven- 
ty-four cents  have  been  estimated  as  necessary  to  the  completion  of  the 
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existing  project,  and  I  recommend  the  appropriation  of  §10,000  for  next 
season. 

Total  amount  appropriated  from  1868  to  1876,  inclusive,  $98,000. 
Original  recommendations  call  for  an  expenditure  of  $136,458.74. 

Tbis  work  is  located  in  the  Michigan  collection-district,  Michigan.    It  is  situated  at 
the  Kalamazoo  light.    The  nearest  port  of  entry  is  Grand  Haven,  Mich. 

Statement  of  vessels  entered  and  cleared  during  the  year  ending  June  30,  1877. 

Entered:  Numher,  332;  tonnage,  32,936;  men,  2,240. 
Cleared:  Number,  327 ;  tonnage,  32,687;  men,  2,200. 

Money  statement. 

July  1,  1876,  amount  available $244  86 

Amount  appropriated  by  act  approved  August  1 1,  1876 3, 000  00 

$3, 244  86 

July  1,1877,  amount  expended  during  fiscal  year 1,705  82 

July  1,  1877,  outstanding  liabilities 1,  111  83 

2,817  65 

Jnly  1, 1877,  amount  available 427  21 

= —       i 

Amount  (estimated)  required  for  completion  of  existing  project 38,458  74 

Amouut  that  can  be  profitably  expended  iu  liscal  year  eudiug  Ju:jo  30, 1S79.  10, 000  00 


BB  ii. 

IMPROVEMENT  OF  SOUTH  HAVEN   HARBOR,  MICHIGAN. 

The  act  of  August  14,  1876,  appropriated  to  tbis  work  $10,000.  In 
September,  there  was  allotted  of  this  $3,500,  for  repairing  the  existing 
work,  which  was  absolutely  uecessary  for  its  preservation  through  the 
winter. 

The  work  comprised  the  leveliug  up  of  the  north  pier-head,  building 
a  plank-beam  in  the  north  side  of  north  revetment  near  the  shore-line, 
where  a  break  existed,  refilling  and  ballasting  within,  placing  brush 
mats  about  the  end  of  north  pier,  upon  which  a  heavy  riprap  of  stone 
was  deposited,  and  in  decking  over  the  piers.  This  work  now  stands  in 
good  condition. 

In  the  winter  a  break  was  made  through  the  south  pier,  where  the 
cribs  join  the  old  slab  and  log  pier,  near  the  shore-line.  We  had  no 
means  with  which  to  prevent  an  enlargement  of  the  breach,  and  during 
the  winter  and  spring  it  extended  to  a  length  of  90  feet.  Through  it 
the  sea  and  sand  made  a  clean  sweep. 

The  channel  this  spring  had  but  6£  feet  of  water.  Vessels  were  una- 
ble to  enter  and  were  obliged  to  load  and  unload  at  the  piers. 

The  balance  of  the  appropriation  ($6,500)  made  available  this  spring 
will  be  expended  iu  closing  the  gap  (above  mentioned)  and  dredging  the 
channel.  The  work  is  now  being  prosecuted  with  the  Government 
machinery,  (dredge  and  pile-driver,)  5,326.4  cubic  yards  of  sand  have 
been  removed  from  the  channel  thus  far,  and  the  materials  for  the  work 
are  mostly  on  hand. 

The  recommendations  in  my  last  annual  report  are  renewed,  viz,  to 
finish  the  work  of  dredging  aud  revetting  the  north  side,  which  will 
embrace  250  feet  of  work,  at  an  estimated  cost  of  $12,000,  and  to  extend 
both  piers  300  feet,  (estimated  cost  $60,000.) 

Estimates  heretofore  made  from  time  to  time  amount  to  $202,000. 
There  has  been  appropriated  since  1867  a  total  of  $130,000. 

This  work  is  located  in  the  Michignn  collqftion-district  of  Michigan.  It  is  situated 
at  the  South  Haven  light.    The  Dearest  port  of  entry  is  Grand  Haven,  Mich. 
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Statement  of  vessels  entered  and  cleared  during  the  year  ending  Jane  30,  1877. 

Entered  :  Number,  234:  tonnage,  35,585;  men,  1,809. 
Cleared:  Number,  232 ;  tonnage,  35,002 ;  men,  1,799. 

Money  statement 

July  1,1876,  amount  available 890  27 

Amount  appropriated  by  act  approved  August  14,  1876 10,000  00 

§10, 090  27 

Jaly  1,  1877,  amonnt  expended  during  fiscal  year 4, 736  05 

July  1, 1877,  outstanding  liabilities 1,439  30 

6, 175  35 

Jaly  1,  1877,  amonnt  available 3,914  92 

Amount  (estimated)  required  for  completion  of  existing  project. 72,000  00 

Amount  that  can  be  profitably  expended  iu  fiscal  year  ending  June  30, 1879..  25, 000  00 


BB  12. 

IMPROVEMENT  OF  SAINT  JOSEPH  HARBOR,  MICHIGAN. 

Eight  thousand  dollars  was  allotted  to  this  work  last  fall  out  of  the 
appropriatiou  of  $12,000  approved  August  14,  1876.  Of  this  amount 
$1,237.69  was  expended  during  the  fall  and  winter.  One  hundred  and 
twenty-eight  cords  of  stone  were  purchased,  of  which  92  cords  were 
used  to  riprap  the  north  pier  and  36  cords  placed  on  south  pier,  in  re- 
serve. 

The  spring  examination  develops  the  necessity  for  a  considerable 
outlay  for  repairs,  and  the  balance  now  on  hand  should  be  applied  to 
this  purpose  this  season. 

During  the  spring- blows  the  end  crib  of  the  north  pier  became  Under- 
mined, and,  with  its  superstructure,  was  wrenched  from  its  place,  and 
carried  ashore  just  south  of  the  south  pier,  where  it  lies  embedded  in  the 
sand,  in  five  feet  of  water. 

The  seas  have  combed  the  stone  out  of  the  north  pier  so  as  to  leave 
them  below  water  in  several  places. 

Tbe  old  work  inside  of  the  work  of  1875  is  in  a  very  dilapidated  con- 
dition, the  superstructure  being  broken  in  three  places,  and  rotten  for 
quite  a  distance.  The  stone  is  gone  to  below  water  in  a  number  of 
places,  and  it  is  thought  that  all  the  funds  available  will  be  required 
to  put  the  piers  in  proper  repair. 

The  filling  and  stone  are  out  of  the  south  pier  for  a  space  about  90 
feet  long  to  a  little  below  water  on  the  lake  side. 

The  depth  of  water  remains  good. 

During  the  winter  Messrs.  Culbert  &  Hopkins  got  out  the  material 
for  and  framed  the  crib  called  for  under  their  contract  dated  November 
28, 1876,  and  early  in  May,  1877,  took  the  timbers  to  Saint  Joseph  and 
put  them  together.  The  crib  was  sunk  and  filled  on  the  28th  of  that 
month.  The  crib  was  placed  in  good  alignment  and  level,  and  has  just 
beeu  superstructured. 

The  repair  and  refilling  of  the  piers  is  very  necessary. 

The  outer  pier  (north)  should  be  planked  over. 

The  recommendations  and  estimates  of  last  year  are  renewed,  namely, 
to  extend  the  north  pier  to  16  feet  of  water,  requiring  three  cribs,  esti- 
mated to  cost  $16,261.71.  (See  Report  of  Chief  of  Engineers,  part  2, 
1876,  page  518.) 

This  work  is  located  in  the  Michigan  collection-district,  Michigan.    It  is  situated  at 
the  Saint  Joseph  lights.    The  nearest  port  of  entry  is  Grand  Haven,  Michigan. 


•         *• 
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end  of  the  canal  in  the  destruction  of  the  banks,  which  are  here  com- 
paratively weak. 

To  supply  a  want  which,  I  understand,  has  been  felt  by  some  of  my 
brother  officers  of  the  corps  in  the  various  annual  reports  on  this  im- 
provement, I  introduce  here  a  brief  historical  and  descriptive  sketch  of 
the  work,  which  by  my  direction  was  prepared  by  my  civil  assistant  on 
the  work,  Mr.  Alfred  Noble.  Mr.  Noble  has  occupied  his  present  posi- 
tion ever  since  the  enlargement  was  begun. 

This  sketch  is  illustrated  by  five  plates,  which  I  hope  may  all  be  pub- 
lished with  it  iu  the  annual  report  of  the  Chief  of  Eugineers.  It  is  as 
follows,  viz : 

Tbe  Saint  Mary's  Falls  Canal  is  situated  near  the  village  of  Sault  Ste.  Marie,  Mich., 
at  the  principal  rapids  in  the  Saint  Mary's  River.  This  river  or  strait  is  the  outlet  of 
Lake  Superior.  The  canal  is  15  miles  from  Lake  Superior  and  60  miles  from  Lake 
Huron  by  the  navigable  channel  of  the  river. 

The  rapids  at  this  poiut  are  a  little  more  than  one-half  mile  in  length,  and  have  a 
fall  of  from  1(H  to  18£  feet,  depending  upon  the  stages  of  water  in  the  lakes  which  the 
river  connects;  the  mean  fall  being  very  nearly  18  feet.  From  Lake  Superior  to  the 
rapids  the  fall  is  only  one-tenth  of  a  foot;  from  the  rapids  to  Lake  Haron  the  fall  is 
about  2  feet,  distributed  through  a  distance  of  20  miles.  These  rapids,  the  Sault  de  Ste. 
Marie,  are  therefore  the  only  impediment  of  this  nature  obstructing  navigation  be- 
tween the  lakes. 

The  commerce  of  Lake  Snperior  before  the  year  1845  was  almost  entirely  in  furs  ;  at 
that  time  the  development  of  copper  and  iron  mines  was  commenced,  and  the  rapids  at 
this  place  were  found  to  be  a  serious  obstacle  in  the  way  of  the  successful  prosecution 
of  these  enterprises.  The  products  of  the  mines,  tbe  appliances  for  working  them,  and 
the  supplies  for  the  laborers  had  to  be  unloaded  from  the  vessels  on  which  they  were 
brought  here,  transported  past  the  rapids,  and  reshipped.  Finally,  in  1850,  a  grant  of 
750.000  acres  of  laud  was  made  by  act  of  Congress  to  the  State  of  Michigan  to  defray 
the  cost  of  constructing  a  canal  past  the  rapids. 

In  1853,  the  legislature  of  the  State  having  accepted  the  grant  and  authorized  the 
construction  of  the  work,  a  contract  was  made  by  commissioners  appointed  by  the  gov- 
ernor, with  a  company  who  undertook  to  build  the  canal  for  the  laud-graut.  The  work 
was  commenced  soon  after  the  opening  of  navigation  iu  that  year,  aud  on  the  18th  of 
June,  1855,  the  completed  canal  was  opened  to  navigation.  In  its  construction  the 
company  had  expended  ab  nit  $1,000,000.  Iu  view  of  the  large  amount  of  capital 
required,  no  return  being  possible  until  after  the  sale  of  the  lands,  the  isolation  of  the 
locality,  inaccessible  during  live  months  of  the  year,  and  the  severity  of  the  climate, 
which  greatly  retarded  work  during  winter,  the  rapid  construction  of  the  canal  was  a 
remarkable  feat. 

This  was  about  the  first  ship-caual  made  in  the  United  States.  The  locks  and  gates 
were  the  largest  made  in  the  country  up  to  that  time.  The  depth  of  water  was  the 
greatest  that  had  been  called  for  in  any  similar  American  work.  The  engineering 
features  were  thus  without  precedent  in  American  practice,  but  they  were  well  worked 
out,  and  (he  canal  has  proved  to  be  a  very  successful  one. 

As  originally  built,  the  canal  was  5,400  feet  long,  had  a  width  of  100  feet  at  the  water- 
line,  with  slopes  of  £  to  1,  paved  where  the  cutting  was  not  through  rock,  and  a  depth 
of  12  feet  at  mean  stage.  The  locks  located  near  the  foot  of  the  canal  were  two  in 
number,  combined,  each  350  feet  in  length,  70  feet  in  width,  with  a  lift  of  9  feet.  The 
walls  were  of  limestone, obtained  from  Marblehead,  Ohio,  and  Maiden,  Canada;  the 
backing  from  Drummond's  Island,  near  the  mouth  of  the  Saint  Mary's  River.  The  face- 
stone  were  laid  in  regular  courses,  with  irregular  bond ;  had  bush-hammered  faces  with 
1£  inch  margin  draft,  and  joints  had  beds  cut  to  f  inch.  The  general  plan  of  the 
masonry  is  shown  in  Plate  HI. 

It  is  not  known  that  rock  was  reached  anywhere  in  the  excavation  for  the  locks  at 
the  grade  required  for  the  lloor.  The  wall*  were  laid  on  a  floor  which  exteuded  across 
the  chambers. 

The  floor  was  made  of  timber  and  plank,  the  timbers  laid  across  the  pit,  with  spaces 
of  6  inches  or  1  foot  between  them,  and  covered  with  two  courses  of  plank.  There  is 
a  longitudinal  string-timber  under  the  floor  under  the  face  of  each  wall,  and  two  others 
near  the  center  of  the  lock ;  wherever  the  excavation  reached  nearly  to  the  rock, 
trenches  were  made  to  the  rock  on  the  sites  for  the  last  two  timbers,  and  timber  walls, 
1  foot  thick  secured  to  the  rock  with  fox-wedged  bolts,  were  built  from  the  surface  of 
the  rock  to  the  required  grade. 

The  gates  were  of  wood  ;  the  girders  were  bnilt  beams  framed  into  quoins  aud  miter- 
posts  aud  trussed  with  iron  tie  rods.     On  Plate  IV  is  a  drawing  of  one  of  the  gates 
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about  to  be  placed  between  the  locks,  differing  only  in  a  few  minor  details  from  the 
original  ones. 

Eacb  gate  is  opened  by  a  line  and  closed  by  a  boom.  The  power,  manual  labor,  is 
applied  through  a  capstan  on  the  wall.  Both  the  line  and  the  boom  are  attached  to 
the  top  of  the  gate  at  the  in  iter- post*  This  gear  is  decidedly  primitive,  and  seems  ob- 
jectionable, inasmuch  as  the  strain  is  applied  at  that  part  of  the  gate  farthest  from  the 
center  of  resistance ;  but  it  is  simple,  and  easily  and  quickly  repaired  ;  the  fact  that 
the  original  gates  stood  aud  were  operated  without  accident  or  delay  for  more  than  20 
years  shows  that  they  never  have  sustained  serious  injury  from  any  cause.  Each  gate 
is  supported  on  a  pivot  resting  on  the  floor  of  the  lock  and  entering  a  socket  in  the 
foot  of  the  quoin-post,  and  is  suspended  from  a  tower  7  feet  in  height,  resting  on  the 
coping  at  the  hollow  quiou.  There  is  no  roller  at  the  miter-post.  The  gates  are  opened 
or  closed  in  from  three  to  four  minutes. 

Near  the  bottom  of  each  gate  are  six  openings,  each  2  by  4  feet,  for  the  admission  or 
escape  of  water;  each  opening  is  closed  by  a  cast-iron  butterfly-valve,  operated  by  a 
rack  aud  pinion  at  the  top  of.  the  gate.  Each  lock  is  tilled  or  emptied  in  about  7  min- 
utes. 

At  the  foot  of  each  wall  a  check  was  made  to  receive  the  end  of  a  caissou-gate,  which 
rested  also  against  a  sill  laid  across  the  floor.  This  was  to  be  used  in  case  it  should 
be  desired  to  pump  out  the  lock,  but  does  not  fulfill  its  purpose,  because  the  water 
presses  under  the  floor  and  comes  through  it  above  the  caisson-sill. 

At  the  head  of  the  canal  was  placed  a  guard -gate,  with  its  appropriate  masonry. 
The  opening  was  70  feet.  The  gate  was  a  caisson,  hinged  at  one  end,  and  of  sufficient 
length  to  close  the  opening.  This  was  found  inconvenient,  and  in  1862  a  pair  of  ordi- 
nary lock-gates,  with  the  proper  masonry,  was  placed  farther  down  the  canal  in  the 
position  indicated  in  Plate  I. 

The  entrances  to  the  canal  were  revetted  with  piers.  The  south  piers  were  built 
originally  as  shown  in  Plate  I,  no  extension  having  been  made  up  to  the  time  of  com- 
mencing the  improvements.  The  north  piers  originally  extended  only  to  the  shore 
lines,  but  were  lengthened  subsequently. 

At  the  time  the  canal  was  made  it  was  deemed  of  sufficient  capacity  in  every  way  to 
meet  the  needs  of  navigation.  The  depth  was  sufficient  to  pass  any  vessel  on  the 
lakes  fully  laden.  The  locks  were  large  enough  to  contain  a  tug  and  three  vessels  of 
ordinary  dimensions,  which  generally  constituted  a  tow.  By  the  year  1870  these  di- 
mensions no  longer  sufficed.  Vessels  were  larger  and  were  not  able  to  carry  full  loads 
on  12  feet  of  water ;  only  one  of  the  larger  vessels  conld  be  parsed  at  oue  lockage,  and 
the  number  of  vessels  engaged  in  the  Lake  Superior  trade  had  increased  so  greatly 
that  they  were  frequently  delayed  several  hours.  It  became  necessary  to  provide  for 
more  rapid  lockage  and  for  the  passage  of  larger  vessels.  The  slope-walls  had  been  found 
objectionable,  vessels  coming  in  contact  with  them  below  the  water-line  and  sustain- 
ing injuries.  In  July,  1870,  Congress  made  an  appropriation  for  commencing  the  im- 
provements. In  August,  1870,  a  project  was  submitted  by  Maj.  O.  M.  Poe,  Corps  of 
Engineers,  and  received  the  approval  of  the  Chief  of  Engineers.  The  project,  after 
some  amendments,  embraced  the  following  improvements: 

A  new  lock  was  to  be  built  opposite  the  old  locks,  parallel  to  them,  at  a  clear  dis- 
tance of  100  feer. 

The  guard -gates,  with  their  masonry,  were  to  be  taken  down  and  replaced  700  feet 
farther  up  the  canal,  and  at  a  lower  level. 

Entrances  to  the  new  locks  were  to  be  formed,  the  lower  entrance  by  excavating  out 
to  deep  water  an<i  reveting  the  chaunel  with  pier  work,  the  upper  entrance  by  widen- 
ing the  canal  from  the  new  position  of  the  guard-gates,  where  the  origiual  width  was 
retained,  eastward  so  until  it  became  wide  enough  to  open  the  way  to  both  the  old 
and  new  locks. 

The  slope-walls  were  to  be  removed  and  a  timber  revetment,  with  a  face  nearly  ver- 
tical, substituted,  where  the  cutting  was  through  rock,  the  revetment  was  placed  on 
the  first  sound  rock  reached ;  below  the  base  of  the  pier  the  rock  was  cut  to  a  slope  of 
1  horizontal  to  4  vertical ;  where  no  rock  was  found,  the  revetment  was  to  be  built 
from  the  grade  of  improved  canal-bottom. 

The  improved  canal  was  to  be  made  3£  feet  deeper  than  before  the  improvements 
werv  taken  in  hand. 

The  walls  of  the  old  locks  are  to  be  prolonged  up  stream  to  receive  a  pair  of  guard- 
gates. 

At  the  time  the  canal  was  made  danger  was  apprehended  that  ice  might  be  driven 
into  the  canal  in  the  spring  to  such  an  extent  as  to  delay  its  opening  for  navigation. 
To  guard  against  this,  a  curve  was  made  near  the  upper  end,  so  that  the  direction  of 
the  canal  above  the  curve  was  nearly  normal  to  the  direction  of  the  current  in  the 
river,  which  is  rapid.  This  renders  the  entrance  rather  difficult  for  a  single  vessel  and 
impracticable  for  a  tow  of  three  or  more.  It  is  now  known  that  there  is  no  danger  of 
delay  by  ice.    The  south  side  of  the  caual  will  therefore  be  straightened  and  the  pres- 
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The  whole  amount  appropriated  since  the  enlargement  of  this  canal, 
was  begun  is  as  follows,  viz  : 

1870 $150,000  00 

1871 350,000  00 

1872 300, 0U0  00 

1873 200,000  00 

lh74 200,000  00 

1875 200,000  00 

1876 130,000  00 


Total : 1,530,000  00 

Of  this  amount  about  $600,000  was  expended  before  and  during  the 
excavation  of  the  pit  for  the  new  locks,  in  widening  and  deepeniug  the 
canal  proper,  revetting  the  sides  of  the  enlarged  canal,  purchase  of  ad- 
ditional lands,  and  iu  improving  Saint  Mary's  River.  Of  the  other 
$930,000  about  $520,000  have  been  expended  on  the  lock-pit,  walls,  and 
other  portions  pertaining  to  the  new  locks,  and  about  $410,000  were  on 
hand  at  the  end  of  the  fiscal  year. 

Iu  exact  figures  this  amount  was  $410,213.06.  But  all  6f  this  sura, 
except  $30,000,  is  covered  by  liabilities  under  the  coutracts,  and  is 
therefore  not  available  for  the  work  which  still  remains  to  be  done,  and 
should  be  commenced  as  soon  as  possible. 

An  abstract  of  bids,  received  on  June  20,  1877,  for  dredging  at  the 
head  of  the  canal,  is  attached  and  forms  part  of  this  report. 

The  work  is  situated  in  the  Superior  collection-district,  Michigan,  at  the  Sanlt  Sto. 
Marie  subpart  of  entry  and  a  short  distance  from  Fort  Brady.  The  nearest  light-house 
is  at  Round  Island,  and  the  nearest  port  of  entry  is  Marquette,  Mica.  The  amount  of 
revenue  collect e«l  in  the  Superior  district  during  the  last  fiscal  year  was,  iu  coin, 
$2,Q2ti;  iu  currency,  §8,415. 

The  whole  commerce  of  the  great  chain  of  northern  and  northwestern 
lakes  will  be  benefited  by  the  completion  of  this  work. 

Money  statement. 

July  1,  1876,  amount  available '..  $397,227  93 

Amount  appropriated  by  act  approved  August  14, 187b' 130,000  00 

527,  $27  93 
July  1,  1877,  amount  expended  during  fiscal  year 108,213  84 

July  1, 1877,  amount  available 419,014  09 


Amount  (estimated)  required  for  completion  of  existing  project 570,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  eudiug  J  uue  30, 1879.     300, 000  00 

Abstract  of  bids  opened  by  Maj.  G.  IFeitzel,  Corps  of  Engineers,  on  June  20, 1877,  in  accord- 
ance with  advertisement  dakd  May  15, 1877,  for  dredging  at  upper  entrance  to  the  Saint 
Mary's  Falls  Canal,  Michigan. 


Names. 


Residences. 


CliarVsS  B*rker 
1'arkin  &.  Stickney 


Sault  S^fo.  Marie,  Mich 
Ea>>t  Sajnuaw,  Mich  . . 


Williams  Ac  Upham j  liougutou,  Mich 


Price  per 
oubic  yard. 


|0  16 
19 
27 


CC  2. 

HARBOR  OF  REFUGE,  LAKE  HURQX,  MICHIGAN. 

The  work  on  this  improvement  was  continued  during  the  past  fiscal 
yeav  with  the  appropriation  of  $100,000  made  by  act  of  Cougress  ap- 
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proved  March  3,  1875,  ami  the  one  of  $75,000  made  by  act  of  Congress 
approved  August  14,  1876. 

Mr,  Hervey  S.  Dale,  the  contractor  under  the  first  of  these  appropria- 
tions, completed  his  contract  dated  June  21, 1875,  during  the  last  season, 
and  final  payment  was  made  to  him  last  January. 

Under  the  second  of  these  appropriations  work  is  now  being  prose- 
cuted at  two  points.  One  of  the  contracts  is  with  Messrs.  Hemenway 
&  Hayes  for  constructing  the  breakwater,  and  the  other  is  with  Mr. 
Charles  S.  Barker  for  removing  the  wreck  of  the  City  of  Buffalo  and  sev- 
eral dangerous  bowlders  which  lie  in  the  harbor; 

The  annual  report  of  my  assistant,  Capt.  A.  N.  Lee,  Corps  of  Engi- 
neers, who  is  in  special  charge  of  this  work,  shows  the  history  and  pro- 
gress of  the  work  during  the  past  fiscal  \  ear.  Mr.  C.  P.  Gilbert,  whose 
name  he  mentions  in  his  report,  is  the  civil  assistant  on  duty  at  the 
work. 

There  is  no  reason  why,  with  ordinary  good  fortune,  both  of  the  two 
contracts  now  in  course  of  execution  should  not  be  completed  during  the 
present  season.  During  the  remainder  of  the  fiscal  year  ending  June 
30,  1878,  nothing  more  can  be  done  for  want  of  funds. 

Captain  Lee  in  both  of  his  last  two  annual  reports  to  me  invites  at- 
tention to  the  opening  left  in  the  shore-arm  of  the  breakwater. 

The  breakwater  which  will  make  this  harbor  of  refuge  is  being  con- 
structed by  me  at  the  site  and  according  to  the  general  plau  recom- 
mended by  the  Board  of  Engineers  constituted  by  paragraph  2,  Special 
Orders  ^No.  136,  dated  Headquarters  Corps  of  Engineers,  Washington, 
D.  C,  October  12,  1871,  in  their  report  to  the  Chief  of  Engineers,  dated 
Detroit,  Mich.,  October  12,  1872,  and  published  ou  page  202,  Keport  of 
the  Chief  of  Engineers  for  1873. 

The  breakwater  as  designed  by  them  consistsof  a  shore-arm  and  a  sea- 
arm.  The  shore-arm  begins  at  a  point  near  shore  in  5 .J  feet  of  water, 
and  runs  in  an  east  southeasterly  direction  about  2,100  feet  to  the  angle 
in  about  23  feet  of  water.  From  this  point  the  sea-arm  begins  and 
runs  in  a  southeasterly  direction  in  an  average  of  about  30  feet  of  water. 
The  wholeof  the  shore  arm  is  completed,  and  when  the  present  contract- 
ors get  through  there  will  be  2,310  linear  feet  of  the  sea-arm  completed. 

The  Board  discussed  the  question  of  leayiug  an  opening  in  the  shore- 
arm  sufficient  to  admit  the  passage  of  vessels,  and  thought  it  best  not 
to  make  such  a  provision  ou  account  of  the  sea,  which  would  surely  roll 
through  such  an  opening  at  a  time  when  the  shelter  would  be  most 
needed,  but  stated  that  the  result  of  this  would  be  to  compel  any  sailing- 
vessel  to  tow  out  when  the  wind  changes  to  a  direction  which  will  admit 
of  her  pursuing  her  voyage. 

It  was  concluded  to  try  this  question  practically,  and  in  building  the 
shore-arm  an  opening  300  feet  wide  was  left,  begiuuing  at  a  point  300 
feet  from  the  angle  of  the  breakwater.  There  was  no  risk  and  but  a 
trifling  additional  expense  in  doing  this.  It  can  be  closed  at  any  time, 
if  it  should  be  decided  to  do  so.    % 

Mr.  Gilbert  has  all  along  been  of  the  opinion  that  it  is  a  great  benefit  to 
the  vessels  using  the  harbor,  and  has  strongly  recommeuded  its  retention. 
Captain  Lee  was  strongly  opposed  to  this  view  last  year,  but  now  seems 
to  have  almost  completely  changed  his  opinion.  I  think  that  we  should 
have  the  experience  of  one  or  two  years  more,  or  even  longer,  before 
positively  deciding  what  to  do.  In  fact  there  will  be  no  harm  in  post- 
poning this  question  until  the  whole  sea-arm  of  the  breakwater  is  com- 
pleted. 

The  Board,  from  all  the  data  which  were  at  its  command,  submitted  the 
folio \Niug  estimate  of  the  cost  of  this  work,  viz: 
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4,000  linear  feet  of  breakwater  of  maximum  section,  at  $222  per  linear  foot. .  $888, 000 
3,000  linear  feet  of  breakwater  of  varying  section,  at  an  average  of  $120  per 

linear  foot 360,000 

7,000  linear  feet  of  iron-sheathing,  at  $10 70,000 

25  mooriug-riugs  and  attachments,  at  $100  2, 500 

1, 320, 500 
Add  10  per  cent,  for  contingencies 132, 050 

Total 1,452,550 

In  other  words,  the  cost  per  running  foot  of  breakwater  of  maximum 
section,  including  iron  sheathing  and  contingencies,  was  estimated  at 
$255.20,  and  the  amount  of  such  at  4,000  linear  feet.  The  amount  of 
breakwater  of  varying  section  was  estimated  at  3,000  linear  feet  and  its 
cost  at  $143  per  foot,  sheathing  and  contingencies  included.        * 

Now  the  true  amounts  will  be  when  the  work  is  completed,  4,300  feet 
of  maximum  section  and  1,500  feet  of  varying  section.  The  latter  is 
entirely  completed,  and  2,610  feet  of  the  former  will  be  when  the  exist- 
ing contracts  are  completed.  The  actual  cost  of  the  1,500  linear  feet  of 
breakwater  of  varying  section  was  $75,000,  everything  included,  and 
2,610  feet  of  maximum  section  will  cost  $450,000,  the  removal  of  the 
bowlders  in  the  harbor  and  the  wreck  of  the  City  of  Bvffalo,  and  every- 
thing else  included. 

To  show  the  difference  between  the  estimated  and  actual  cost  more 
distinctly,  I  have  constructed  the  following  table,  viz  : 


• 

Estimated  cost. 

Actual  coat. 

Difference. 

Per  ft 

Total. 

Per  ft 

Total. 

TotAl. 

1,500  linear  feet  of  breakwater,  varying  acetic  

2,610  linear  feet  of  breakwater,  maximum  section 

$143  00 
255  20 

$214,  500 
666,  072 

$50  00 
172  42 

175, 000 
450, 00 ) 

$139,500 
216,  072 

Total | 

880,  572 

525, 000 

355,  572 

The  amount  of  breakwater  yet  to  be  built,  after  the  funds  which  are 
now  on  hand  are  exhausted,  if  the  shore-arm  opening  is  not  closed  up, 
is  1,690  linear  feet  of  maximum  section.  Supposing  the  cost  of  this  to 
be  the  same  as  the  average  of  that  which  has  already  been  constructed, 
t.^.,  $172.42  per  foot,  we  have  $291,389.80,  or,  in  round  numbers, 
$300,000,  to  complete  the  work  according  to  the  present  project. 

If  it  is  decided  to  close  the  opening  in  the  shore-arm,  there  will  be  300 
linear  feet  additional  of  breakwater,  with  varying  section,  which  will 
cost  on  an  average  $125  per  foot,  or  a  total  sum  of  $37,500.  In  this 
case  the  total  sum  required  to  complete  the  work  according  to  the  pres- 
ent project  will  be,  in  round  numbers,  $330,000,  and  the  total  cost  of 
the  work  will  have  been  $855,000,  iustead  of  $1,452,550,  as  origiually 
estimated. 

In  conclusion,  I  beg  most  earnestly  to  call  the  attention  of  Congress 

and  the  Chief  of  Engineers  to  a  matter  which  led  to  the  correspondence 

of  which  the  followiug  is  a  copy : 

United  States  Engineer  Office, 

Detroit,  January  31,  1870. 

General:  I  have  the  honor  to  submit  herewith  a  draught  of  ao  act  which  it  is  im- 
peratively necessary  should  be  passed  by  Congress  for  the  government  of  the  Harbor 
of  Refuge,  Sand  Beach,  Lake  Huron. 

Very  respectfully,  your  obedient  servant, 

G.  Weitzel, 
Major  of  Engineers. 
Bng.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  S.  J. 
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AN  ACT  for  the  government  and  conlrol  of  the  Harbor  of  Refnge  at  Sand  Beacb,  Michigan. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembledj  That  from  and  after  the  passage  of  this  act,  and  until  the  com- 
pletion of  the  work  of  construction,  the  Secretary  of  War  is  directed  to  assume  full 
control  over  the  Harbor  of  Refuge  on  Lake  Huron,  at  Sand  Beacb,  Mich.,  now  in 
course  of  construction  by  the  United  States  Government,  and  of  the  piers,  break- 
water, docks,  wharves,  buildings,  and  other  improvements  made  by  the  United  States 
appertaining  to  said  Harbor  of  Refuge,  and  to  facilitate  the  use  thereof,  including  the 
channels  of,  and  approaches  to,  said  Harbor  of  Refuge,  so  far  as  may  be  necessary  to 
the  protection  and  use  of  said  harbor  and  the  improvements  aforesaid ;  and  said  Sec- 
retary of  War,  for  the  purpose  aforesaid,  and  for  the  preservation  of  said  harbor  in  the 
interests  of  commerce,  shall  prescribe  such  regulations  not  inconsistent  with  the  laws 
of  the  United  States  respecting  the  use  of  said  harbor  and  its  chanuels,  and  the  ap- 
proaches thereto,  and  respecting  the  use  of  the  piers,  breakwaters,  docks,  wharves, 
buildings,  and  other  improvements  of  said  .harbor,  made  by  the  United  States,  as  he 
shall  deem  needful  to  fully  protect  and  preserve  the  said  harbor  aud  its  several  chanuels 
and  approaches,  and  the  said  piers,  breakwaters,  docks,  wharves,  buildings,  and  other 
improvements.  Such  regulations  shall  be  promulgated  by  publication  thereof  for  ten 
days  consecutively  in  one  daily  newspaper  published  in  each  of  the  cities  of  Detroit, 
Buffalo,  Cleveland,  and  Chicago,  and  said  regulations  may  be  changed  in  like  manner 
from  time  to  time.  He  shall  also  cause  four  copies  of  such  regulations  to  be  kept 
posted  in  conspicuous  places  on  said  piers  aud  breakwaters. 

Sec.  "2.  The  Secretary  of  War  shall  appoint,  upon  the  recommendation  of  the  engi- 
neer officer  in  charge  of  the  work,  a  custodian  of  said  harbor  aud  the  improvements 
aforesaid,  whose  duty  it  shall  be  to  preserve  and  protect  the  same  under  the  regula- 
tions made  as  aforesaid  b^  the  Secretary  of  War,  and  to  enforce  the  observance  of  said 
regulations,  and  to  guard  and  preserve  the  property  of  the  United  States  at  said  Harbor 
of  Refuge.  Said  custodian  shall  also  have  power  to  direct  and  regulate  the  stationing 
and  anchoring  of  steam-vessels  and  water-craft  in  said  harbor,  and  the  mooring  there- 
of at  the  piers,  breakwaters,  docks,  and  wharves  of  said  harbor,  and  the  laying  out 
and  discharging  of  cargoes  and  ballast  in  said  harbor  piers,  breakwaters  and  docks; 
and  it  shall  be  the  duty  of  said  custodiau  to  report  to  the  United  States  district 
attorney  for  the  eastern  district  of  Michigan  all  violations  of  this  act  aud  of  the  said 
regulations  prescribed  by  the*  Secretary  ot  War;  and  said  custodian  shall  receive  such 
compensation,  not  exceeding  one  hundred  and  fifty  dollars  per  month,  as  the  Secretary 
of  War  may  allow. 

Sec.  3.  It  shall  be  the  duty  of  all  persons  using  or  navigating  said  harbor,  its  chan- 
nels and  approaches,  or  using  any  of  the  piers,  breakwaters,  docks,  wharves,  or  other 
improvement*  made  by  the  United  States,  to  observe  the  regulations  prescribed  by  the 
Secretary  of  War  as  aforesaid,  aud  any  person  who  shall  willfully  or  negligently  strand 
or  sink  any  steam-vessel,  boat,  or  craft  in  said  harbor,  oriu  the  channels  or  approaches, 
or  who  shall  willfully  obstruct  or  oppose  the  custodian  of  said  harbor  in  the  enforce- 
ment of  the  regulations  aforesaid,  or  who  shall  willfully  or  negligently  or  by  failure 
or  neglect  to  observe  the  regulations  prescribed  by  the  Secretary  of  War  for  the  use 
thereof,  obstruct  or  impair  said  harbor,  or  cause  any  impediment,  injury,  tilhug  up,  or 
shoaling  therein,  or  shall  deposit  any  earth,  ashes,  stone,  ballast,  or  other  substances 
in  said  harbor,  channels,  or  approaches,  tending  to  obstruct  or  impair  the  navigation 
thereof,  or  who  shall  willfully  damage  or  injure  the  piers,  breakwaters,  wharves,  docks, 
or  other  improvements  of  said  harbor,  made  by  the  United  States,  or  who  shall  fail  to 
obey  aud  observe  auy  of  said  prescribed  regulations,  shall  be  liable  to  a  penalty  of  not 
less  thau  fifty  dollars  nor  more  than  five  hundred  dollars,  to  be  recovered  by  informa- 
tion or  by  action  of  debt.in  the  district  court  of  the  United  States  for  the  eastern  district 
of  Michigan,  with  costs  of  suit,  and  shall,  in  addition  thereto,  be  liable  to  the  United 
States,  or  to  any  person  aggrieved  by  such  obstructions,  or  injuries,  or  unlawful  acts  or 
omissions,  in  a  civil  action  for  all  damages  occasioned  thereby,  or  by  any  of  said  unlaw- 
ful acts,  to  said  United  States  or  such  aggrieved  person.  And  if  such  damage  or 
injury  to  said  harbor,  channels,  approaches,  piers,  breakwaters,  doiks,  wharves,  and 
other  property  of  the  United  States,  in  said  Harbor  of  Refuge,  be  committed  by  any 
steamer,  vessel,  or  water-craft,  or  by  the  waster  or  persons  iu  charge  thereof,  or  if  such 
master  or  other  peisons  in  charge  of  such  vessel  shall  willfully  violate  the  regulations 
aforesaid,  the  aforesaid  penalty  of  not  less  than  titty  dollars  nor  more  thau  five  hundred 
dollars  shall  be  incurred,  and  such  vessel  shall  be  liable  for  the  penalty  aforesaid,  and 
may  be  proceeded  against  by  way  of  libel  for  the  recovery  thereof  in  auy  court  of  the 
United  States  within  whose  jurisdiction  such  vessel  may  be  found. 

bEC.  4.  The  Secretary  of  War  may,  iu  his  discretion,  purchase  a  steam-launch,  to  be 
stationed  at  and  used  about  said  harbor,  under  the  direction  of  said  custodian,  for  the 
purpose  of  enforcing  the  provisions  of  this  act,  and  such  a  sum  as  may  be  necessary, 
not  exceeding  three  thousand  dollars,  is  hereby  appropriated  for  the  purchase  of  said 
steam-launch,  and  the  expense  of  removing  aud  maintaining  said  launch  shall  be  pa  d 
out  of  the  appropriation  made  for  said  Harbor  of  Refuge. 
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Sec.  5.  After  the  completion  of  said  harbor  by  the  United  States  Government  the 
control  shall  be  transferred  to  the  Secretary  of  the  Treasury. 

Office  of  tub  Chief  of  Engineers, 

Washington,  D.  C,  February  10,  1S76. 

Sik:  Your  letter  of  January  31st  last,  submitting  dr.ift  of  an  act  for  the  govern- 
ment and  control  of  the  Harbor  of  Rt^fiue  on  Lake  Huron,  at  Sand  Beach,  Mi«;h.,  has 
been  received.  While  there  is  no  doubt  that  the  passage  of  the  act  would  greatly  con- 
duce to  the  i  terests  of  the  Uuited  States  in  the  work  of  constructing  and  governing 
the  Harbor  of  Refuge  at  Sand  Beach,  the  reasons  that  render  its  p:issage  necessary 
should  be  given.  You  will  please,  therefore,  8t=ite  the  facts  and  condition  of  things 
upon  which  3*onr  opinion  of  its  imperative  necessity  is  founded,  in  order  that  the  Chief 
of  Engineers  may  be  enabled,  when  called  upon,  to  furnish  such  information  as  may 
be  required  by  the  committee  of  Congress  having  the  matter  in  charge. 
By  command  of  Brigadier  General  Humphreys. 
Very  respectfully,  your  obedient  servant, 

John  G.  Pakke, 
Major  of  Engineers, 
M..j.  G.  Weitzel, 

Corps  of  Engineers, 

United  States  Engineer  Office, 

Detroit,  February  12,  1876. 

General:  In  reply  to  your  letter  of  February  10,  1876,  I  have  the  honor  to  say  that 
the  necessity  for  the  control  of  the  Harbor  of  Kefuge  at  Sand  Beach,  Mich.,  by  the 
Government  is  shown  by  the  experience  of  the  past  season,  during  which  boats  and 
vessels  persistently  crowded  together  and  made  fast  to  the  breakwater  in  such  a  man- 
ner as  to  interfere  with  the  work  of  construction  and  the  use  of  the  harbor  by  other 
craft.  Rafts  entered  the  harbor  to  the  imminent  risk  of  vessels  at  anchor,  in  one  case 
compelling  a  vessel  to  slip  her  cables  and  leave  the  harbor  during  a  gale.  Steam-craft 
persistently  deposited  ciuders  and  other  refuse  inside  the  harbor.  The  increasing  use 
of  the  harbor  will  aggravate  these  evils  unless  stopped  by  Government  control.  In 
general,  a  control  of  the  Government  is  necessary  to  protect  tho  work  and  the  craft 
using  the  harbor. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

G.  Weitzel, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S,  A, 

I  am  not  aware  that  any  barbor  exists  anywhere  which  is  much  used 
by  vessels  that  has  not  a  master  to  regulate  the  vessels  when  they  use 
it.  Now,  if  this  is  necessary  at  places  where  everything  comes  along 
and  takes  position  in  some  order  and  regularity,  how  much  more  impera- 
tive is  it  here,  where  vessels  of  all  classes  and  kinds,  and  rafts,  also, 
enter  pell-mell,  and  are  suddenly  transferred  from  a  rough  sea  to  smooth 
water. 

It  is  an  imperative  necessity  that  a  harbor-master,  with  full  power,  be 
appointed  here,  if  the  work  shall  serve  the  purposes  fully  for  which  it 
was  designed. 

I  know  that  there  are  manv  vessels  now  whose  masters  risk  their 
chances  in  a  storm  rather  than  the  risk  of  being  damaged  by  collision 
in  the  harbor. 

As  stated  in  a  previous  part  of  this  report,  the  estimated  cost  of  this 
work  was  $1,452,550,  but  it  will  probably  not  cost  more  than  $855,000. 
Of  this  amount  the  following  sums  have  been  appropriated  by  Con- 
gress : 

1871 $100,000  00 

1H72 100,000  00 

1673 75,000  00 

1874 7f>,000  00 

1875 100,000  00 

187C 75,000  00 

Total 525,000  00 

59  E 


930 


EEPOET   OF   THE   CHIEF   OF   EN3INEERS. 


Now,  as  only  $330,000  is  required  to  complete  the  work,  it  certainly 
would  be  economical  and  prudent  to  take  advantage  of  the  present 
period  so  favorable  in  the  cost  of  labor  and  material,  and  end  it.  I 
therefore  recommend  that  the  sum  of  $330,000  be  appropriated  for  the 
completion  of  this  work.  / 

Abstracts  of  bids  received  on  November  11, 1876,  for  continuing  the 
construction  of  the  breakwater  and  removing  the  wreck  of  the  City  of 
Buffalo  from  the  harbor  are  annexed  and  form  part  of  this  report. 

This  work  is  located  io  the  collection-district  of  Huron,  Mich.    The  nearest  port  of 
entry  is  Port  Huron,  Mich    A  light-honee  stands  on  the  angle-crib  of  the  breakwater. 
The  amount  of  revenue  collected  iu  this  district  during  the  fiscal  year  was,  in  coin, 
$146,675.20;  in  currency,  $21,870.64. 

The  whole  commerce  of  the  great  chain  of  northern  and  northwestern 
lakes  will  be  benefited  by  this  work. 

A  sketch  showing  the  position  of  the  breakwater  and  the  progress  of 
the  work  thereon  is  annexed  to  this  report. 

Money  statement. 

July  1, 1876,  amount  available $96,698  74 

Amount  appropriated  by  act  approved  August  14,  1876 75, 000  00 

171,  698  74 
July  1, 1877,  amount  expended  during  fiscal  year 95,373  94 

July  1,  1877,amount  available 7C,324  80 


Amount  (estimated)  required  for  completion  of  existing  project 330, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879. .  330, 000  00 

Abstract  of  bids  for  continuing  work  of  improvement  of  the  harbor  of  refuge,  Lake  Huron, 
Michigan,  opened  by  Major  G.  Weitzel,  Corps  of  Engineers,  on  November  11,  1876,  in 
accordance  with  advertisement  dated  October  10,  1876. 
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Names  of  bidders. 


Hemenway  &  Hayes 
Farris  <fc  Garfield  . . . 

Hervey  S.  Dale 

Steel  &  Smith 

Robert  J.  Hackett  . . 
Charles  S.  Barker . . . 


Boys  J.  Cram 
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Perl  000ft. 

Per  hOOO/t 

Per  lb 

Perc'd. 

Per  1,000/f. 

$13  00 

$14  00 

$0  03} 

$6  00 

$7  75 

13  75 

18  00 
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5  95 

7  50 

12  00 

20  00 

03* 

6  00 

9  00 

13  00 

30  00 

03* 

6  50 

8  50 

13  00 

25  00 

03* 

6  50 

8  50 

16  00 

18  00 

03* 

6  00 

8  00 

19  00 

30  00 
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9  00 

9  50 

Total 


$54, 903  80 
55,  0*5  60 
55,  564  00 
57,  986  00 
58, 247  50 
59,155  60 

78,  561  00 


Abstract  of  bids  for  removing  the  wreck  of  the  schooner  City  of  Buffalo  and  bowlders  from  the 
harbor  of  refuge  at  Sand  Beach,  Lake  Huron,  Michigan,  opened  by  Major  G.  Weiteel,  Corps 
of  Engineers,  on  November  11, 1876,  in  accordance  with  advertisement  dated  October  10, 1876a 
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Names  of  bidders. 


Charles  S.  Barker  . . 
Hemenway  &  Hayes 

E.  P.  Harrington 

H.S.Dale 

Williams  &  Upham 

Roys  J.  Cram 

Hiram  Hill 


Residences. 


Sanlt  Ste.  Marie,  Mich 

Painesville,  Ohio 

Detroit,  Mich 

Chicago,  111 

L'  Anse,  Mich 

Detroit,  Mich 

Cairo,  111 


Removing 
wreck. 


$1, 500 
2,200 
2,100 
3,100 
5,000 
3,950 
5,000 


Removing 
bowlders, 
per  cubic 
yard. 


Total. 


$3  00 
8  00 
12  00 
15  00 
15  00 
39  00 
20  00 


$1,650 
2,600 
2,700 
3,850 
5,750 
5,900 
6,000 
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report  of  captain  a.  n.  lee,  corps  op  engineers. 

United  States  Engineer  Office, 

Detroit,  July  5,  1877. 

Major  :  I  have  the  honor  to  submit  the  following  report  on  the  continuation  of  the 
construction  of  the  breakwater  at  Sand  Beach,  Mich,  for  the  year  ending  June  30, 
1877.  At  the  time  of  my  last  annual  report  the  contractors  were  at  work  under  the 
contract  of  Jnne  21,  1875. 

It  was  proposed  to  expend  the  entire  amount  available  under  this  contract  in  the 
sinking  of  cribs  and  to  allow  them  to  settle  during  the  winter  before  putting  in  any 
superstructure.  This  plan  was  carried  out.  Nine  cribs,  38  by  65,  have  been  sunk  and 
filled  during  the  year.  An  examination  of  the  work  in  April  last  showed  that  no  ap- 
preciable damage  had  been  caused  by  the  winter's  storms.  The  cribs  have  settled  slight- 
ly but  quite  regularly  along  the  lake  wall.  A  small  quautity  of  stone  has  been  washed 
out,  and  in  some  places  the  upper  timbers  have  been  cut  and  broken  by  the  ice.  This 
was  no  more  than  was  expected,  and  the  damaged  timbers  will  be  easily  replaced  before 
parting  in  the  superstructure.  On  the  inshore  breakwater  no  effect  from  ice  is  notice- 
able, except  an  apparent  starting  of  the  plating  iu  some  places. 

A  slight  damage  to  the  outer  wall  of  the  breakwater  near  the  light  was  occasioned 
by  a  vessel  running  into  it  under  full  headway.  The  master  of  the  vessel  supposed  the 
light  to  lie  at  the  opening,  instead  of  on  the  angle-crib.  To  prevent  a  repetition  of 
sach  accidents,  I  have  had  a  red  light  placed  on  either  side  of  the  opening.  This  should 
enable  vessels  to  use  the  opening  at  night  as  well  as  in  the  day-time.  During  the  sea- 
son's work,  owing  to  storms,  and  there  not  being  sufficient  quantity  of  ballast-stone 
on  hand,  two  of  the  cribs  parted  (one  at  the  ll-inch  and  the  other  at  the  6-inch  course) 
and  came  up.  By  means  of  divers,  however,  the  projecting  bolts  wer<j  cut  off,  the 
npper  portions  lowered  to  their  places  and  securely  bolted.  They  are  apparently  as 
stroug  now  as  the  others.  The  last  crib  under  the  contract  was  settled  and  the  hnal 
estimate  given  November  1.  At  present  the  work  is  being  carried  ou  under  contract  of 
December  4,  1876. 

Owing  to  the  unnsual  quantity  of  ice  in  Lake  Hnron  which  remained  till  the  first  part 
of  May,  the  contractors  were  not  able  to  do  much  work  before  June  1.  They  are  fairly 
started  now,  and  have  already  in  place  nearly  half  the  superstructure  walls,  besides  a 
quantity  of  timber  framed  ahead.  They  have  also  built  and  launched  two  grillages. 
The  contractor  for  the  removal  of  the  wreck  of  the  City  of  Buffalo  and  bowlders  nas 
been  at  work  since  June  4.  He  has  already  removed  15  large  bowlders,  leaving  but 
two  remaining. 

The  work  on  the  wreck  has  been  somewhat  delayed  owing  to  the  breaking  of  the 
dredge,  which  necessitated  her  being  sent  to  Detroit  for  repairs.  The  ore,  however,  has 
been  dredged  out,  and  the  hull  blasted  down  so  that  it  can  soon  be  removed. 

In  order  to  compare  the  resistance  of  the  breakwater  with  the  force  of  the  waves  to 
which  it  may  be  subjected,  and  to  ascertain,  if  possible,  if  this  force  increased  or  dimin- 
ished as  the  work  was  carried  farther  into  the  lake,  Mr.  Gilbert,  during  the  spring, 
designed  a  form  of  marine  dynamometer  which  it  is  proposed  to  nse  during  the  present 
and  coming  seasons. 

Three  of  these  are  already  in  position  at  intervals  along  the  lake  wall,  but  they  have 
not  been  in  position  long  enough  yet  to  warrant  a  report  on  their  merits.    Mr.  Gilbert . 
has  taken  advantage  of  the  preseuce  of  a  diver  at  Sand  Beach  to  use  his  diving-suit  on 
several  occasions  to  make  an  examination  of  the  different  portions  of  the  work.    He 
says: 

u  A  personal  examination,  in  divers'  armor,  of  the  crib-walls  below  water  has  shown 
that  on  the  cribs  that  parted  last  season  the  two  portions  have  not  separated  in  settliug. 
The  end  crib,  although  now  safely  settled,  is  not  in  the  condition  reported  by  the  diver 
who  put  it  together.  I  found  along  the  outside  wall  a  number  of  large  holes  under 
the  cribs,  which,  on  a  loss  stable  bottom,  would  endanger  the  work.  Should  the 
slightest  tendency  to  further  settlement  appear  at  these  points,  the  holes  should  be  at 
once  filled,  either  by  dumping  a  considerable  quantity  of  small  bowlder-stone  along  the 
wall,  or  by  placing  the  stone  now  on  the  bottom  carefully  under  the  crib-wall.  I  think 
the  latter  method  would  be  cheaper  and  give  the  best  result.  A  break  in  the  super- 
structure that  would  allow  the  water  from  Heavy  seas  to  flow  down  through  the  crib  and 
out  the  bottom  would  almost  certainly  cause  a  settlement  and  canting  of  the  cribs  at 
these  points.  Aside  from  these  points,  I  do  not  sea  any  necessity  for  riprap.  I  do  not 
think  it  would  be  an  excessive  precaution  to  repair  this  the  present  season.  Frequent 
submarine  examinations  of  the  boitom  as  the  work  progresses  will  tend  very  largely 
to  preveut  the  irregular  settlement  and  canting  that  we  have  had  to  contend  with,  and, 
by  showiug  exactly  where  riprap  is  needed,  will  reduce  that  part  of  the  work  to  a  mini- 
mum, and  save  enough  to  many  times  repay  its  cost. 

"As  professional  divers  charge  exorbitant  rates  for  their  services,  there  would  be  a 
decided  economy  as  well  as  a  great  convenience  in  purchasing  an  outfit  and  doing  the 
diving  ourselves." 
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On  my  return  from  Sand  Beach,  a  few  days  since.  I  recommended  that,  in  view  of  the 
above  facts,  a  diver's  suit  be  purchased.  You  approved  of  the  plan,  and  authority  has 
since  been  received  to  buy  au  outfit,  which  will  be  put  in  use  as  soou  as  possible. 

During  the  fiscal  year  518  vessels  entered  the  harbor ;  135  of  these  passed  through 
the  opening,  53  coming  in  that  way  and  82  going  out. 

Mr.  Gilbert  reports  "  that  the  seas  or  swells  entering  the  opening  do  not  apprecia- 
bly affect  the  harbor  east  of  it,  and  I  think  the  question  of  its  practicability  is  sim- 
ply whether  it  will  be  used  to  au  extent  sufficient  to  warrant  the  loss  of  about  350 
feet  of  pier  for  securing  vessels." 

As  the  necessity  for  a  north  entrance  becomes  more  important  as  the  breakwater 
increases  in  length,  the  experience  of  several  years  will  fte  necessary  to  deteriniue 
this. 

There  does  not  seem  to  exist  now  among  the  vessel-men  (as  far  as  I  have  been  able 
to  observe)  the  same  prejudice  against  the  openiug  that  there  was  formerly.  More 
are  using  it  every  season,  and  for  the  present  I  would  not  recommend  any  change 
in  it. 

Annexed  is  a  table  showing  the  number  and  kind  of  vessels  entering  the  harbor 
from  April  to  December,  1876.  Also  the  direction  of  the  wind  causing  them  to  seek 
shelter  there. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

A.  N.  Lee, 
Captain  of  Engineen. 

Maj.  G.  Wkitzel, 

Corps  of  Engineer 8 y  U.  S.  A, 


Tabulated  record  of  lake  craft  talcing  refuge  in  the  harbor  during  the  season  of  1876. 
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IMPROVEMENT  OF  AU  SABLE   RIVER   HARBOR,  LAKE  HURON,  MICHIGAN. 

In  order  to  ascertain  the  present  condition  of  this  work  I  ordered  ray 
assistant,  Capt.  A.  N.  Lee,  Corps  of  Engineers,  to  inspect  it  aud  make  a 
report. 

The  following  is  a  copy  of  his  report : 

United  States  Engineer  Office, 

Vetroitf  July  11,  1877. 

Major  :  I  have  the  honor  to  report  that,  in  obedience  to  your  instructions,  I  have  in- 
spected the  Au  Sable  River  improvement,  aud  beg  leave  to  submit  the  following  in 
connection  therewith. 

I  found  the  south  pier  in  a  much  worse  condition  than  at  the  date  of  my  last 
inspection,  October,  1876.  I  reported  then  that  a  large  portion  of  the  crib-work  had 
been  uudermined  by  the  current,  and  had  tilted  on  the  river  side  to  the  water's  edge. 
In  some  places  now  the  river-walls  of  the  cribs  are  entirely  under  water,  and  the  dam- 
age is  gradually  extending  toward  the  lake-end  of  the  pier.    To  repair  this  would 
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necessitate  the  removal  of  the  damaged  cribs  and  ballast  for  a  distance  of  at  least 
150  feet,  and  there  is  no  reason  to  suppose  that  the  new  work,  if  built  in  the  same 
manner,  would  stand  any  longer  than  this. 

The  north  pier  has  settled  a  little  on  the  river  side,  but  is  generally  in  as  good  con- 
dition  as  it  was  last  year. 

Soundings  between  the  piers  show  a  good  depth  of  water  (from  10  to  13  feet)  from 
the  angle  in  the  south  pier  to  the  heads  of  the  piers.  Outside  of  the  piers  I  was  un- 
able to  find  less  than  8$  feet  of  water,  which  leaves  the  bar  in  about  the  same  condi- 
tion it  was  at  the  time  of  Mr.  Ulster's  survey  in  July,  1875.  From  the  angle  in  the 
south  pier  to  the  upper  end  of  the  same  the  water  shoals  from  10J  to  (>£  feet.  Above 
that  the  river  is  entirely  useless  for  vessels,  there  being  in  some  places  ouly  3  feet  of 
water. 

This  state  of  affairs  has  been  caused  by  the  gradual  encroachment  on  and  changing 
of  the  channel  by  the  lumbermen  in  driving  piles,  building  docks,  cutting  passages 
through  the  river  banks  for  their  own  convenience  in  reaching  their  mills  with  their 
logs,  in  fact  using  the  river  in  every  way  as  if  it  were  their  own  private  property  and 
not  a  common  highway. 

As  a  general  thing  the  river  above  the  piers,  and  very  often  between  them,  is  entirely 
blocked  up  with  rafts  of  logs  which  are  allowed  to  lie  there  as  long  as  it  suits  their 
owners'  convenience.  As  far  as  the  business  of  the  place  is  affected  there  is  not  the 
slightest  need  to  spend  another  cent  for  the  improvement  of  the  river  or  for  keeping 
the  present  work  in  repair.  Very  few  vessels  enter  the  river,  and  these  cannot  go 
beyond  the  end  of  the  south  pier.  The  business  is  now  almost  entirely  carried  on 
from  the  mills  by  tramways  directly  to  the  docks.  In  one  case  a  tramway  is  built 
directly  across  the  river. 

For  the  above  reasons  I  would  not  recommend  any  further  expenditure,  either  on 
repairs  of  the  piers  or  in  dredging  outside  of  them. 
Very  respectfully,  your  obedient  servant, 

A.  N.  Lee, 
Captain  of  Engineei'8* 

Major  G.  Weitzbl, 

Corp*  of  Engineers,  U.  S.  A, 

I  have  only  to  add  to  this  that,  unless  I  receive  instructions  to  do  so, 
I  will  not  expend  another  cent  on  this  work.  Neither  the  local  nor 
State  authorities  have  takeu  auy  steps  to  prevent  the  lawless  acts  of 
private  owners  along  the  river  banks,  of  which  I  have  complaiued  in 
several  previous  reports. 

Money  statement. 

July  1,  1876,  amount  available $1,426  62 

Amount  appropriated  by  act  approved  August  14,  1876 1,000  00 

2, 426  62 
July  1,  1877,  amount  expended  during  fiscal  year 313  13 

July  1,1877,  amount  available . 2,113  49 


CC  4. 

IMPROVEMENT  OF  ALPENA  HARBOR,  AT  MOUTH  OF  THUNDER  BAY  RIVER, 

MICHIGAN. 

The  survey  for  the  improvement  of  this  harbor,  which  is  situated  at 
the  mouth  of  Thunder  Bay  River,  Michigan,  was  made  last  year.  A  re- 
port of  the  survey,  with  an  estimate  of  cost,  was  submitted  with  my  last 
annual  report. 

The  act  approved  August  14,  1876,  made  an  appropriation  of  $4,500 
to  do  the  work,  but  this  sum  was  not  available  until  I  received  the  letter 
from  the  office  of  the  Chief  of  Engineers  dated  May  1,  1877. 

A  project  for  the  expenditure  of  the  appropriation  was  submitted  and 
approved,  and  bids  invited  for  the  work  in  the  usual  manner. 
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These  bids  will  be  opened  on  Jnly  7,  1877,  and  contract  awarded. 
The  work  will  be  finished  and  closed  duriug  the  present  season. 
!No  further  appropriation  will  be  required. 

This  work  is  situated  in  the  Port  Huron  collection-district.  The  nearest  port  of 
entry  is  Port  Huron,  Michigan.  The  nearest  light-house  is  at  the  mouth  of  Thunder 
Bay  River. 

The  amount  of  revenue  collected  during  the  year  was,  coin,  $146,675.20 ;  currency, 
$21,870.64. 

Money  statement 

Amount  appropriated  by  act  approved  August  14,  1876 $4, 500  00 

July  1,  1877,  amount  available 4,500  00 
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IMPROVEMENT  OF  THE  SAINT  CLAIR  RIVER,  AT  THE  MOUTH  OF  BLACK 

RIVER,  MICHIGAN. 

The  work  on  this  improvement  was  continued  during  the  fiscal  year 
with  the  balance  of  the  appropriation  of  $10,000  made  by  the  act  of 
Congress  approved  March  3, 1875. 

It  was  stopped  on  September  30,  1876,  by  the  exhaustion  of  the  ap- 
propriation, final  payment  made  to  the  contractors,  and  closed. 

There  are  now  no  less  than  15  feet  of  water  below  bench-mark  for  a 
distance  of  1,100  feet  from  the  American  shore. 

All  that  there  is  left  of  a  shoal  is  located  on  the  edge  of  the  main  chan- 
nel immediately  abreast  of  the  isolated  railway  dock.  Its  lower  extrem- 
ity is  1,100  feet,  and  its  upper  extremity  1,400  feet  distant.  Through 
the  shallowest  of  this  there  has  been  made  a  cutting  100  feet  wide  for  a 
distance  of  600  feet  from  its  upper  extremity,  and  then  75  feet  wide,  to 
the  deep  water  below. 

It  would  require  the  dredging  of  about  4,000  cubic  yards  to  remove 
this  shoal  to  the  same  depth  as  the  remainder  of  the  improvement. 

There  are  no  less  than  13.4  feet  of  water  on  any  part  of  this  remnant 
of  the  shoal,  and  so  small  a  depth  is  fouud  only  over  a  space  not  exceed- 
ing 50  square  feet. 

In  order  to  make  a  complete  thing  of  this  improvement  I  respectfully 
recommend  that  this  remnant  of  the  shoal  be  also  dredged  to  the  uuiform 
depth  of  15  feet  below  bench-mark. 

The  amount  of  work  to  be  done  being  so  small  the  cost  per  cubic  yard 
will  be  relatively  greater,  and  I  estimate  that  the  sum  of  $1,500  will  be 
required  to  do  it  thoroughly.  I  respectfully  recommend  that  this  sum 
be  appropriated  for  this  purpose  for  the  fiscal  year  ending  June  30, 
1879. 

No  work  can  be  done  here  during  the  present  season,  nor  the  present 
fiscal  year,  ending  Juue  30,  1878,  for  want  of  funds. 

The  original  estimate  made  for  this  work  by  Maj.  O.  M.  Poe,  in  his  re- 
port dated  July  21,  1871,  was  168,300  cubic  yards  of  dredging,  at  40 
cents,  $67,320. 

The  amounts  appropriated  for  it  have  been  as  follows,  viz : 

1872 $15,0u0 

1873 15,000 

1874 15,000 

1875 ,  10,000 

Total 55,000 
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The  amount  of  work  done  has  been  166,570  cubic  yards  of  dredging. 

If  the  work  is  made  complete,  as  recommended  by  me,  the  account 
will  stand  170,570  cubic  yards  of  dredging,  at  a  cost  of  $56,500. 

This  shows  that  Major  Poe's  estimate  was  remarkably  close  in  quan- 
tities, aud,  considering  the  depreciation  in  the  cost  of  work  during  the 
last  three  years,  in  cost 

A  sketch  showing  the  present  condition  of  the  work  is  attached 
hereto. 

Nearly  the  whole  commerce  of  the  northern  and  northwestern  lakes 
passes  here,  and  has  been  benefited  by  the  improvement. 

This  work  is  located  in  the  collection-district  of  Hurou,  Michigan.  The  nearest  port 
of  entry  is  Port  Huron,  aud  the  nearest  light-house  is  at  Fort  Gratiot,  Michigan. 

The  amount  of  revenue  collected  in  this  district  during  the  year  was,  coin, 
$146,675.20;  currency,  $"21,870.64. 

« 

Money  statement. 

July  1, 1876,  amount  available $5,390  52 

July  1,  1877,  amount  expended  during  fiscal  year 1 5,390  52 

Amount  (estimated)  required  for  completion  of  existing  project 1,500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.  1, 500  00 
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IMPROVEMENT  OF  DETROIT  RIVER,  MICHIGAN. 

I  stated  in  my  last  annual  report  on  this  work  that  I  had  submitted  a 
project  for  the  expenditure  of  the  available  b  dance  of  the  $25,000  ap- 
propriated by  the  act  approved  June  23,  1874 ;  that  it  had  been  ap- 
proved, aud  that  I  would  advertise  for  proposals.  This  was  done  and 
the  proposals  were  opened  on  August  4, 1876.  Au  abstract  of  these 
proposals  is  hereto  annexed. 

The  lowest  bidders,  Messrs.  Case  &  Jennings,  of  Dunkirk,  N.  Y., 
were  so  much  lower  in  their  price  than  any  of  the  others  that  there  was 
some  hesitation  in  awarding  them  the  contract.  But  as  an  examination 
proved  them  perfectly  responsible  there  was  no  alternative. 

The  following  report  of  my  assistant,  Capt.  A.  N.  Lee,  Corps  of  En- 
gineers, shows  in  detail  the  progress  and  history  of  the  work  during  last 
season  and  the  whole  of  the  fiscal  year : 

United  States  Engineer  Office, 

Detroit,  July  5, 1877. 

Major:  I  have  the  honor  to  submit  the  following  report  of  the  improvement  of  the 
Detroit  River  at  the  Lime-kiln  Crossing  for  the  year  ending  Juue  30,  1877 : 

Bids  for  the  work  under  the  appropriation  of  $23,000  approved  June  23,  1874,  were 
opened  Angnst  4,  1876,  and  the  contract  awarded  to  Messrs,  Case  &  Jennings  at  $7.50 
per  cubic  yard.  The  contractors  began  work  September  25.  The  point  selected  for 
the  work  is  directly  in  front  of  the  Canada  Southern  Railroad  dock.  It  istheshoalest 
spot,  and  directly  iu  the  way  of  deeply-laden  vessels  coming  down  the  river,  as  they 
have  to  haul  up  here  to  get  on  the  ranges  on  Bois  Blailc  Island.  The  work  was  carried 
on  from  the  deck  of  a  raft,  and  the  drilling  done  entirely  by  hand.  The  deck  of  the 
raft  was  perforated  at  equal  distanoes,  and  in  the  holes  3-inch  iron  pipes  inserted. 
Through  these  the  drills,  2  inches  in  diameter,  were  worked.  Eight  holes  (half  the 
number)  were  worked  at  ouce,  each  drill  requiring  four  men.  Each  position  of  the 
raft  was  determined  by  an  instrument  from  sbore.  During  the  drilling  the  raft  was 
raised  by  means  of  spuds  from  the  surface  of  the  water,  and  lowered  again  before 
blasting. 

The  average  depth  of  holes  was  4}  feet.  At  tho  commencement  of  the  work  the 
contractors  used  Oriental  riile-power,  in  charges  of  3J  pounds,  but  after  trying  this  for 
about  three  weeks  they  found  it  did  not  answer  their  purpose,  as  the  rock  was  not 
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broken  in  pieces  small  enough  for  the  dredge  to  handle.    But  122  cubic  yards  of  rock 
blasted  by  powder  were  taken  up  by  the  dredge. 

On  October  30,  nitro- glycerine  was  substituted  for  the  powder,  and  used  in  3-pound 
charges.  The  total  number  of  pounds  used  was  700.  The  whole  amount  of  rock  re- 
moved during  the  season  was  985  cubic  yards.  In  some  places,  owing  to  the  upheaval 
of  rock  that  could  not  be  dredged,  soundings  showed  a  decrease  of  about  2|  feet  in  the 
depth  of  water. 

To  protect  shipping  in  passing  these  places  at  night,  a  red  light  was  kept  up  at  the 
head  of  the  shoal  till  the  ice  formed. 

Work  was  resumed  this  season  on  the  20th  of  April.  Many  delays  were  caused  at 
first  by  the  groundiug  of  heavily-laden  vessels  on  the  work,  and  also  by  breaking  the 
machinery  of  the  dredge.  Our  red  light  was  also  carried  away  so  frequently  by  small 
vessels  running  directly  over  the  work  as  to  cause  considerable  expense  and  trouble. 
After  haviug  used  the  nitro-glycerine  on  hand  from  last  season's  work,  the  contractors 
substituted  mica-powder.  The  results  proved  entirely  satisfactory.  The  mica-powder 
leaves  the  blasted  rock  in  much  better  condition  for  the  dredge.  It  is  about  50  per 
cent,  cheaper,  and  can  be  safely  handled.  The  charges  used  were  from  4£  to  5£  pounds, 
depending  on  the  depth  of  the  hole. 

The  work  was  closed  on  June  19,  the  appropriation  being  exhausted.  Particular  in- 
structions were  giveu  the  assistant  in  charge,  Mr.  Leavitt,  that  no  blasted  rock  should 
remain  undredged  at  the  time  the  work  stopped,  and  he  reports  that  every  care  was 
taken  to  remove  all  such  material,  so  that  the  work  now  remains  in  as  good  condition 
as  it  was  possible  to  leave  it  with  such  a  small  appropriation  as  we  had  to  work  with. 

The  total  amount  of  rock  removed  during  the  year  was  2,632  cubic  yards. 

The  contract-price  was  considered  at  the  time  remarkably  low,  and  other  bidders 
expressed  the  opiniou  that  the  contractors  would  not  be  able  to  do  the  work  at  their 
figures.  Results  have  showu,  however,  the  contractors  have  not  only  been  able  to  do 
the  work  at  their  prices,  but  have  made  a  good  profit. 

In  the  fall  of  1875,  the  Canadian  government  expended  a  small  appropriation  in  the 
immediate  vicinity  of  our  work.  From  the  information  I  was  able  to  obtain  at  the 
time,  they  bored  50  holes,  and  took  out  100  cubic  yards.  They  used  nitro-glycerine  ia 
charges  of  £  pound,  and  the  work  cost  them  about  $60  per  cubic  yard. 

The  importance  of  this  work  to  the  commerce  of  the  entire  chain  of  lakes  should 
insure  the  passage  of  an  appropriation  sufficiently  large  to  continue  the  work  econom- 
ically and  rapidly.  The  blasting  already  done  has  had  the  tendency  in  places  to  leave 
the  bottom  in  a  very  ragged  condition,  and  in  some  places  has  materially  decreased 
the  depth  of  water.  A  vessel  striking  one  of  these  sharp  eiges  would  be  more  dam- 
aged than  by  groundiug  on  the  smoother  surface  of  the  rock  before  being  blasted. 
Until  these  shoal  places  can  be  gone  over  and  removed,  a  buoy  in  the  day-time,  aud  a 
light  at  night,  should  be  kept  up. 

It  is  estimated  by  prominent  vessel-men  here  that  the  total  tonnage  passing  the 
Lime-kiln  Crossing  anuually  is  10.000,000  tons,  and  if  vessels  could  load  safely  to  15 
feet,  the  gain,  with  the  vessels  now  in  commission,  would  amount  to  half  a  million  tons. 
Very  respectfully,  your  obedient  servaut, 

A.  N.  Lee, 
Captain  of  Engineers. 

Maj.  G.  Weitzel, 

Curps  of  Engineers,  U.  S.  A. 

The  result  obtained  by  these  contractors  on  this  small  piece  of  work, 
which  can  hardly  even  be  called  a  beginning  of  the  improvement,  has 
been  perfectly  astonishing  to  me.  With  but  very  crude  appliances,  with 
a  succession  of  delays  and  experiments  on  different  explosives,  with  al- 
most continual  interruption,  they  did  the  work,  and  made  a  tine  profit 
at  $7.50  per  cubic  yard.  I  never  thought  of  estimating  it  at  less  than 
825  in  any  of  my  official  communications.  I  am  now  convinced  that  if 
Congress  will  make  a  single  appropriation  of  $200,000, 1  can  make  a 
chanuel  20  feet  deep  and  300  feet  wide  across  this  dreaded  obstruction. 
I  never  estimated  it  before  at  less  than  one  million  dollars. 

As  the  price  at  which  the  contractors  undertook  the  work  seemed  to 
me  excessively  low,  I  required  them  to  go  down  to  20  feet  depth  in  their 
work. 

Now,  iu  the  points  where  the  excavation  stopped  when  the  work  was 
closed  for  want  of  funds,  there  is,  of  course,  an  abrupt  shoulder  in  the 
rock  which  forms  the  bottom  of  the  river,  and  there  is  more  danger  of 
damage  to  the  large  vessels  than  there  was  before.    I  have  written  to 


APPENDIX   CC. 


937 


the  inspector  and  engineer  of  the  tenth  light-house  district  to  mark  the 
dangerous  spot  by  a  buoy  for  day-time,  and  a  light  at  night. 

All  the  commerce  between  Lake  Erie  and  the  upper  lakes  passes  this 
point.  The  Limekiln  Crossing  has  always  been  a  dreaded  spot,  and 
one  prolific  of  disaster.  Any  improvement  made  here,  by  making  a 
deeper  channel,  is  a  permanent  one,  and  never  will  need  repairing  or 
cause  any  expense  for  maintenance. 

Captain  Lee  states  that  it  is  estimated  by  prominent  vessel-men  that 
10,000,000  tons  pass  this  point  annually,  and  if  vessels  could  load  safely 
to  15  feet,  (as  they  could  if  this  improvement  were  made,)  the  annual 
gain  to  these  vessels  would  be  500,000  tons. 

Now,  if  we  only  take  one-half  of  these  figures  as  the  correct  ones,  or 
even  one-fourth,  it  will  be  seen  that  at  the  very  lowest  rates  of  freight, 
say  $1  per  ton,  tins  improvement  would  be  of  vast  benefit  to  the  great 
commerce  of  the  lakes. 

In  view  of  these  facts,  and  the  undoubted  national  importance  and 
character  of  this  work,  I  recommend  that  the  sum  of  $200,000  be  appro- 
priated for  its  completion  by  Congress  at  its  next  session,  and  that  this 
appropriation  be  made  immediately  available. 

In  consequence  of  the  low  prices  at  which  we  can  do  the  work,  we 
require  no  assistance  from  Canada,  and  it  need  not  be  delayed  by  wait- 
ing for  co-operation  from  that  source. 

This  work  is  located  in  the  collection-district  of  Detroit,  Mich. ;  the  nearest  port  of 
entry  is  Detroit,  Mich.,  and  the  nearest  light-house  Mamajuda  light.  The  amouut  ot 
revenue  collected  in  this  district  during  the  year  was,  in  coin,  $226,548.51 ;  in  cur- 
rency, $31,271.64. 

The  whole  commerce  of  the  great  chain  of  northern  and  northwestern 
lakes  will  be  benefited  very  much  by  this  work. 

The  only  amount  appropriated  for  tbis  work  was  $25,000  by  the  act  of 
Congress  approved  Juue  23, 1874. 

A  sketch  showing  the  location  at  which  the  work  was  done,  with  a 
few  characteristic  souudings,  is  annexed  to  this  report. 

Money  statement 

Jnly  1,  1876,  amount  available $21,446  10 

July  1,  1877,  amount  expended  during  fiscal  year 21,446  10 

Amouut  (estimated)  required  for  completion  of  existing  project 200,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.  200, 000  00 

Abstract  of  bids  for  improving  Detroit  River,  under  the  act  of  Congress  approved  June  23, 
1874,  opened  by  Major  Q.  Weitzel,  Corps  of  Engineers,  on  August  4,  1876. 
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Names  of  bidders. 


Case  &  Jennings.... 
Charles  S.  Barker... 
Nathaniel  Stickuey  . 
Klliot  P.  Harrington 

Hervey  S.  Dale 

Edward  Moore 

Wilcox,  Stock  &  Co  . 

Martin  Quigley 

Charles  Stange 


Residences. 


Dunkirk,  N.Y 

Sault  Ste.  Marie,  Mich 

Detroit,  Mich 

Detroit,  Mich 

Chicago,  111    

Portland,  Me 

Toledo,  Ohio 

Saint  Louis,  Mo 

Detroit,  Mich 


Removing 

bowlders, 

per  cubio 

yard. 

$6  00 

2  50 

3  00 

5  25 

4  25 

6  <  0 

11  40 

25  00 

32  00 

Removing 
solid  rock, 
per  cubic 
yard. 


17  50 
20  00 
19  90 
19  50 
22  75 
22  00 

18  40 
35  00 
35  00 
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ANNUAL  REPORT  OF  MAJOR  FRANKLIN  HARWOOD,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1877. 

United  States  Engineer  Office, 

Detroit,  Mich.,  July  14, 1877. 

General:  I  have  the  honor  to  transmit  herewith  iny  annual  report 
for  the  works  of  river  and  harbor  improvement  placed  under  my  charge 
by  the  operation  of  Special  Order  No.  44,  dated  Headquarters  of  the 
Army,  February  27,  1877,  and  of  the  charge  of  which  1  relieved  Major 
Godfrey  Weitzel  on  March  19,  1877. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

F.  Harwood, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


Major  of  Engineers. 


DD  i. 

IMPROVEMENT  OF  SAINT  CLAIR  FLATS  SHIP-CANAL,  MICHIGAN. 

Beyond  a  few  minor  repairs  doue  by  the  custodian,  by  aid  of  a  few 
laborers  employed  from  time  to  time  as  needed,  no  repairs  have  been 
made  upou  this  work  during  the  past  fiscal  year. 

The  change  of  position  in  the  plank  protection,  noted  in  the  last  annual 
report,  has  proved  effectual  in  protecting  the  reverse  of  the  canal  bauks, 
and  is  a  much  better  arrangement  than  that  heretofore  adopted.  Several 
washers  and  sinks  at  various  points  in  both  dikes  began  to  claim  atten- 
tion in  tbe  autumn  of  1876,  but  owing  to  the  high  water  and  the  difficulty 
of  obtaining  and  placing  at  that  time  the  requisite  repair  material,  any 
effort  to  repair  these  damages  was  postponed  until  the  opening  of  navi- 
gation in  1877.  In  a  very  unexpected  manner  in  the  early  spring  of 
1877  these  damages  were  suddenly  and  alarmingly  iucreased.  The  up- 
ward-bouud  fleet  of  vessels,  released  from  wiuter  quarters  by  the  open- 
ing of  navigation  in  the  lower  lakes,  were  unexpectedly  met  at  the  canal 
by  an  extraordinary  and  continuous  flow  of  ruuning  ice  pouring  down 
the  Saint  Clair  River  day  after  day  from  Lake  Huron,  rendering  their 
further  progress  impossible  for  the  time,  and  their  return  across  Lake 
Saint  Clair  extremely  hazardous.  As  a  natural  consequence,  as  long  as 
this  state  of  affairs  lasted,  during  the  early  part  of  May,  the  canal  was 
taken  possession  of  as  a  harbor  of  refuge,  and  as  it  never  was  intended 
for  such  use,  and  consequently  had  no  facilities  for  vessels  to  make  fast 
to  the  banks,  both  dikes  were  badly  damaged  by  tugs  and  propellers, 
injuring  the  willow  growth  or  plank  revetment,  or  working  their  wheels 
violently  in  close  proximity  to  the  timber  revetment,  thereby  sucking 
out  through  the  meager  sheath-piling  the  loose  sand-filling  to  such  an  ex- 
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tent  as  to  occasion  numerous  iind  extensive  cares  and  washes,  amount- 
ing in  the  aggregate  to  about  4,000  cubic  yards  in  volume.  The  entire 
damage  thus  caused  will  cost  in  repair  probably  from  $2,000  to  $4,000, 
depending  upon  the  rates  at  which  I  shall  be  able  to  obtain  the  repair 
material,  for  which  I  am  now  advertising,  bids  to  be  opened  on  the  11th 
of  this  mouth,  the  repairs  to  be  effected  in  the  course  of  the  summer. 
As  the  material  I  have  selected  is  to  be  had  in  plenty  and  near  at  hand, 
I  hope  to  reduce  the  cost  of  repair  to  the  minimum,  possibly  betweeu 
$1,000  and  $2,000. 

Although  a  greater  part  of  this  damage,  and  that  which  will  cost  the 
most  to  repair,  was  done  by  tugs  in  an  effort  for  self-preservation  of  them- 
selves and  vessels  in  tow,  there  still  remains  the  fact  that  they  deliber- 
ately elected  to  work  damage  to  the  United  States  rather  than  run  a  risk 
of  the  safety  of  their  own  property.  It  is  also  a  fact  that  the  canal  was 
not  and  is  not  intended  as  a  harbor  of  refuge,  but  simply  as  a  means  of 
convenient  transit  over  the  Saint  Clair  Flats,  and  it  is  only  by  its  mis- 
use in  this  instance  that  this  damage  has  been  worked.  At  the  instance, 
therefore,  of  the  Chief  of  Engineers,  and  in  vindication  of  the  law 
enacted  in  section  3,  act  of  Congress  approved  August  14, 1876,  I  have 
selected  a  few  test  cases  in  which  the  United  States  is  undoubtedly  able 
to  prove  the  facts  of  damage  deliberately  inflicted,  which  cases  I  have 
placed  in  the  hands  of  United  States  attorney  for  the  eastern  district  of 
Michigan,  that  officer  having,  at  the  request  of  the  Secretary  of  War, 
been  directed  by  the  Attorney-General — 

To  take  prompt  measures  to  enforce  in  reference  to  the  damages  upon  Saint  Clair 
Flats  Canal  the  provisions  of  the  third  section  of  the  act  of  August  14,  1876,  puuish- 
ing  by  fine  those  guilty  of  injuring  the  piers,  breakwaters,  or  other  works  of  the 
United  States  in  the  improvement  of  rivers  and  harbors. 

While,  as  I  have  said,  in  each  of  these  cases  the  United  States  will 
offer  undoubted  testimouy  as  to  the  facts,  there  is  still  a  doubt  as  to 
whether,  under  the  vague  terms  u  willfully  aud  unlawfully,"  a  judgment 
can  be  obtained  in  any  or  all  of  the  cases.     " 

I  therefore  respectfully  recommend  that  Congress  be  requested  at  its 
next  session  to  revise  the  law  by  substituting  for  the  words  "  willfully 
and  unlawfully"  the  words  "  from  any  cause  other  than  unavoidable 
accident,"  or  the  common-law  term  "knowingly,"  under  either  of  which 
phrases  it  appears  to  me  offenders  can  readily  be  convicted  when  the 
facts  are  proven.  I  am  advised  that  as  the  law  reads  now,  such  a  re- 
sult is  by  no  means  certain. 

The  repairs  of  the  damages  above  referred  to  will  constitute  the 
operations  for  the  coming  year,  unless  others  should  unfortunately  be 
hereafter  inflicted. 

As  the  balance  on  hand  of  the  existing  appropriation  for  this  work 
will,  in  all  probability,  be  nearly  exhausted  in  the  expenses  growing  out 
of  this  extraordinary  damage  to  the  canal  bauks,  and  as  it  would  seem 
only  a  measure  of  prudence  to  keep  ou  hand  a  sufficient  fund  to  meet 
any  emergency  which  may  arise  whereby  through  sudden  and  exteu- 
sive  damage  this  important  thoroughfare  may  be  closed  to  navigation 
for  want  of  funds  to  restore  and  keep  it  in  navigable  condition,  I  re- 
spectfully recommend  an  appropriation  of  $5,000  at  the  next  session  of 
Congress  for  the  repair  and  preservation  of  this  work. 

It  is  located  in  the  collection-district  of  Detroit,  Mich.  The  nearest  port  of  entry  is 
Detroit,  Mich.,  but  this  has.  no  especial  bearing  on  the  commercial  importance  of  the 
work,  as  the  whole  commerce  of  the  great  lakes  is  greatly  benefited  by  [its  existence, 
and  the  revenue  of  every  custom-house  on  the  lakes  incidentally  increased  by  the 
facilities  it  offers  as  an  important  cut-off  in  the  great  thoroughfare  from  Lake  Erie  to 
Lake  Huron. 
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For  revenue  statistics,  therefore,  see  general  reports  of  lake  custom- 
houses. 

There  are  two  light-houses  on  the  canal  banks. 

Money  statement. 

July  1,1876,  amount  available $11,208  14 

July  1,  1S77,  amount  expended  during  fiscal  year 5, 359  16 

July  1,  1877,  amount  available 5,848  98 

Amount  (estimated)  required  for  preservation  of  existing  work 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.  5, 000  00 


DD  2. 

IMPROVEMENT  OF  SAGINAW  RIVER,  MICHIGAN. 

Upon  taking  charge  of  this  work,  on  March  19, 1877, 1  found  the  oper- 
ations for  the  comiug  working  season  fully  provided  for  according  to 
the  approved  project  already  adopted. 

The  appropriation  of  $11,000  made  by  act  of  Congress  approved  August 
14,  1876,  not  being  available  in  time  to  undertake  any  work  during  the 
workiug  season  of  that  year,  no  action  for  continuing  this  work  of  im- 
provement was  taken  until  early  in  1877,  when  proposals  were  invited 
lor  adding  about  1,000  feet  to  the  revetment  opposite  the  Oarrollton  Bar, 
which  has  been  in  progress  for  several  years.  Bids  were  opened  on 
March  10,  1877,  and  subsequently,  upon  my  recommendation,  the  award 
for  the  supply  of  labor  and  material  for  1,000  feet  additional  revetment 
was  made  to  Hervey  S.  Dale,  of  Chicago,  111.,  the  lowest  responsible 
bidder,  with  whom  contract  was  afterward  made.  Work  was  begun 
on  the  3l8t  of  May,  and  at  the  close  of  the  fiscal  year  325  linear  feet 
of  revetment  in  au  incomplete  state  had  been  added  to  the  work  of  last 
year. 

The  slab  filling  of  last  year's  work,  which  had  settled  badly  in  several 
places,  was  also  overhauled  and  renewed. 

Shortly  after  taking  charge  of  the  work  I  ascertained,  by  personal  in- 
spection, that  the  revetment — the  result  of  several  years'  expenditure  of 
money  and  labor — was  not  effecting  the  improvement  for  which  it  was 
designed  to  the  extent  anticipated,  owing  to  the  flow  of  the  river  current 
under  a  pier  heretofore  known  as  Wickes'  dock,  but  now  the  property 
of  Mr.  Jesse  Hoy  t,  of  New  York. 

This  current  scouring  behind  the  revetment  detracted  from  its  full 
effect  upon  the  Carrollton  Bar,  designed  to  be  improved  by  the  abrading 
action  of  the  current  confined  wi^hiu  suitable  limits  by  the  revetment 
aud  the  river-bank  on  the  Carrollton  side.  Much  of  this  action  was  lost 
for  lack  of  confining  the  current  entirely  in  the  proposed  channel.  To 
effect  this,  the  necessity  for  which  had  already  been  anticipated  by  my 
predecessor,  I  submitted  a  project  for  running  a  bulkhead  from  the  up- 
stream end  of  the  United  States  revetment  across  to  the  made  land  on 
Hoyt's  mill-site,  thereby  cutting  off  the  current  behind  the  revetment 
aud  confining  it  to  the  main  channel  designed  to  be  improved.  This 
project  being  approved,  Mr.  Hoyt  concurring,  and  the  work  being  also 
within  the  provisions  of  the  contract,  the  general  plan  of  construc- 
tion of  the  revetment  being  followed  in  the  bulkhead,  arrangements 
have  been  made,  and  this  bulkhead  will  be  constructed  without  delay 
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Accordingly,  at  the  close  of  the  working  season  of  1877  this  bulkhead 
will  be  completed,  and,  besides  this,  as  many  linear  feet  of  revetment  as 
the  appropriation  will  afford  will  also  be  added  to  the  downstream  end 
of  last  year's  work,  securing  at  the  same  time  by  dredging  a  good  navi- 
gable channel  of  10  feet  in  depth  abreast  of  the  revetment  to  its  full 
extent. 

Carrying  out  the  project  in  this  manner,  the  river-revetment  will 
probably  be  extended  about  500  feet,  but  all  will  be  subordinated  to  the 
more  importaut  measure  of  cutting  off  the  river  current  behind  the  re- 
vetment by  means  of  the  bulkhead  at  Hoyt's  mill-site.  The  appropria- 
tion will  probably  be  expended  under  the  contract  early  in  the  autumn 
of  1877. 

Further  improvement. will  depend  upon  further  appropriation.  I  am 
happy  to  say  that  the  effect  of  the  improvement  made  in  successive 
yearly  stages  is  already  perceptible  as  regards  Carrollton  Bar,  heretofore 
one  of  the  major  obstacles  to  the  navigation  of  the  river  in  approaching 
East  Saginaw. 

There  have  been  no  complaints  this  year  brought  to  my  attention  of 
any  difficulty  in  navigating  the  channel  with  vessels  of  the  draught 
designed  to  be  accommodated. 

The  permanent  improvement  of  the  channel  opposite  Carrollton  Bar 
will  be  nearly  completed  as  a  result  of  this  year's  operations.  It  will 
only  require  a  slight  additional  expenditure  to  connect  the  incomplete 
revetment  with  the  main-land  opposite  the  down-stream  end  of  the  bar, 
and  when  this  is  done,  and  the  channel  properly  dredged  abreast  of  it, 
this  portion  of  the  improvement  will  be  completed.  As  regards  the 
lower  bars  at  Zilwaukee  and  New  York  works,  it  does  not  appear,  from 
all  the  information  I  have  been  able  to  gather,  that  their  condition  has 
materially  changed  during  the  year  in  auy  way  uuder  the  influence  of 
the  improvement  progressing  above  at  the  Carrollton  Bar ;  neither  do  I 
consider  it  expedient  to  undertake  any  work  at  these  localities  until  the 
up-stream  work  is  thoroughly  finished ;  and,  as  I  have  had  charge  of 
this  improvement  for  too  short  a  period  to  be  able  to  form  a  definite 
judgment  as  to  what  will  be  required  for  the  improvement  of  these  bars, 
in  making  estimates  for  further  improvement  I  adopt  the  figures  of  my 
predecessor,  as  set  forth  in  his  last  annual  report,  remarking,  however, 
that  where  so  many  unknown  quantities  enter  into  the  problem  of  the 
improvement  of  a  river  of  this  character,  through  so  many  reaches,  and 
comprising  bars  situated  miles  apart,  estimate  must  necessarily  verge 
closely  on  conjecture,  excepting  in  the  case  of  work  which  can  be  ac- 
tually projected  in  detail  for  some  definite  locality.  I  further  remark, 
however,  that  all  the  funds  for  which  I  estimate  can  be  profitably  ex- 
pended within  a  single  working  season,  and  expended  much  more  profit- 
ably in  this  way  than  if  afforded  by  driblets  year  after  year  in  such  a 
manner  that  the  one  year's  work  is  in  a  great  measure  lost  in  waiting  for 
the  next. 

The  importance  of  the  improvement  of  Saginaw  River,  in  a  commer- 
cial point  of  view,  has  been  fully  set  forth  in  preceding  annual  reports. 
In  addition  to  the  statistics  herewith  appended,  as  furnished  me  by  the 
deputy  collector  of  customs,  I  also  beg  leave  to  add  the  official  state- 
ment of  the  Michigan  Salt  Association,  that  they  have  shipped  from  all 
points  of  the  river  above  Carrollton  Bar  during  the  fiscal  year  endiug 
Juoe  30,  1877,  414,974  barrels  of  salt,  which  demonstrates  only  the  mag- 
nitude of  one  interest  affected  by  the  river  improvement,  the  lumber- 
trade  being  probably  of  still  greater  importance. 

This  work  is  located  in  the  Huron  collection-district,  Michigan.    The  nearest  light 
house  is  at  the  mouth  of  the  river.    The  nearest  port  of  entry  is  Port  Huron,  Mich. 
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The  original  estimate  for  this  work  was  $56,000,  the  whole  amount  of 
which  has  been  appropriated,  as  follows : 

1874 $15,000  00 

1875 30,000  00 

1876 - 11,000  00 

Total 56,000  00 

Of  which  amount  $45,597.99  was  expended  np  to  the  close  of  the 
fiscal  year. 

The  reason  for  the  estimate  presented  in  this  report  for  an  additional 
appropriation  beyond  the  amount  originally  estimated  is  given  in  full  in 
the  last  aunual  report. 

Money  statement. 

July  1, 1876,  amount  available $1, 184  13 

Amount  appropriated  by  act  approved  August  14, 1876 11,000  00 

12,184  13 
July  1, 1877,  amount  expended  during  fiscal  year 1,782  12 

July  1,  1877,  amount  available . .  10,402  01 

Amount  (estimated)  required  for  completion  of  existing  projeot 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,1879.      50, 000  00 


COMMERCIAL  STATISTICS. 

East  Saginaw,  July  7,  1877. 

Dear  Sir  :  In  addition  to  the  inclosed  statement  there  have  been  sundry  fees  collected 
to  the  amotiDt  of  $196.04. 

In  giving  you  these  figures,  I  wish  to  say  that  I  do  not  deem  this  port  fairly  dealt 
with,  as  many  vessels  enter  here  on  clearances  from  lower  ports,  going  either  to  Chicago, 
Milwaukee,  or  other  northwestern  ports,  and  who  take  either  full  or  part  cargoes  from 
here,  for  which  we  get  no  credit ;  and  in  addition  it  is  an  almost  daily  occurrence  that 
vessels  take  whole  or  part  cargoes  here  and  above,  and  clear  at  Bay  City,  which  is  an 
•videuce  of  cargoes  being  shipped  on  through-clearances,  as  shown  by  the  custom- 
house reports  from  Chicago,  Port  Huron,  Buffalo,  Erie,  and  other  lower  lake  ports  that 
get  credit  for  lumber  and  salt,  which  points  manufacture  neither  lumber  nor  salt  to  a 
verj  great  extent,  unless  it  is  Port  Huron. 
Yours,  very  truly, 

A.  Ferguson, 
Deputy  Collector, 
B.  H.  Mueiile, 

United  States  Inspector, 

Summary  statement  of  vessels  in  the  coasting  trade  that  have  entered  and  cleared  from  the  port 
of  East  Saginaw  t  and  also  the  amount  of  fees  collectedt  for  the  fiscal  year  ending  June 
30,  1877. 


Months. 

Entered. 

July 

1876. 

58 
74 
85 
97 
55 

78 
135 

November . 
May 

1877. 

June 

Total 

582 

Tonnage. 

Cleared. 

17,271 
21,233 
24,  865 
31,  770 
17,002 

22,844 
41,331 

58 
69 
85 
90 
50 

79 
104 

176, 316 

535 

Tonnage. 


17,287 
19,557 
24,  678 
26,  701 
15,035 


22,987 
30,781 


157,  026 


Fee*. 


Gold. 


$69  60 

84  80 

126  70 

111  30 

64  10 


194  50 
140  75 


190  95 
172  40 


791  75 


263  35 


East  ttaginaw,  July  7, 1877. 


B.  H.  MUEHLK, 

United  States  Inspector, 


A.  Ferguson, 
Deputy  Collector. 
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Abstract  of  proposals  for  continuing  the  improvement  of  Saginaw  Itivtr,  ^lichigan,  opemd 

March  10, 1877. 


© 
B 


1 

2 

3 

4 
5 

6 


Names  of  bidders. 


ITemmingway  and 
Hayes. 

Court  laud  D.  Mer- 
ry. 

Edwin  H.  French. 

Hervoy  S.  Dale  . . . 
Charles  8.  Barker. 

Farris  &  Garfield 


Residences. 


Painesville,  Ohio 

Vernon,  Ohio 

Fulton,  Oswego  County, 
New  York. 

Chicago,  III 

Sault  Saint  Marie,  Michi- 
gan. 

Painesville,  Ohio 


p.  © 

"~  aS 

si 


$20  00 

30  00 

20  00 

18  00 
20  00 

28  00 


8*  . 


r=  p. 


Cento. 
12 

14 

15 

14 
15 

12 


n 

s 

ft 

* 

«       # 

c 
© 

P- 

c 

►  CU 

■»* 

2 

CD 

9 

8 

o 

« 

3 

« 

CG 

K/l 

Cento. 

4 

$:  35 

*7  00 

3i 
4 

4 

3J 


1  40  ,  7  75 


1  50 

1  10 
1  25 

1  65 


9  00 

7  00 
6  00 

8  00 


Total. 


88,838  41 

9, 634  57 

10, 102  75 

8.627  07 
9,156  00 

10,523  41 


Abstract  of  contract. 

Contract  with  Hervey  S.  Dale,  of  Chicago,  for  furnishing  material  and  labor  for 
extension  of  pier  revetment  and  dredgiug,  dated  April  21,  1K77,  to  expire  September 
1,  1877. 

Abstract  of  contract  for  each  class  of  material  and  labor. 

1.  Pine  timber  framed  and  put  in  place,  per  M  feet,  board-measure §18  00 

2.  Oak  or  Norway  pine  piles  and  driving,  per  linear  foot 14 

3.  Drift-bolts,  screw-bolts,  and  washers,  iu  place,  per  pound 04} 

4.  Slabs  in  place,  per  cord 1  10 

5.  Stone  in  place,  per  cord 7  00 

6.  Dredging,  per  cubic  yard 35 


DD3. 

IMPROVEMENT  OF  CHEBOYGAN  HARBOR,  MICHIGAN. 

For  lack  of  available  appropriation  nothing  has  been  done  during  the 
fiscal  year  in  continuing  the  work  of  improvement  of  this  harbor. 

By  act  of  Congress  approved  August  14,  1876,  $10,000  was  appropri- 
ated for  this  improvement,  but  was  withheld  from  application  by  direc- 
tion of  the  President  of  the  United  States  until  May  7,  1877,  when  I 
received  notification  that  the  President  had  decided  to  release  the  appro- 
priation, and  I  was  directed  to  submit  a  project  for  continuing  the  im- 
provement. This  I  decided  to  do,  first,  by  finishing  an  incomplete  dredge- 
cut,  thereby  getting  a  uniform  width  of  channel  from  harbor  to  lake; 
second,  in  cutting  off  a  point  of  land  in  the  Cheboygan  Kiver,  to  give 
a  width  of  200  feet  chaunel-way  at  the  harbor  end  of  the  approach  from 
Lake  Huron;  third,  by  expending  the  balance  of  appropriation,  if  any, 
in  improving  by  widening  the  lakeward  end  of  the  channel  of  entrance. 

This  project  being  approved  by  the  Chief  of  Eugineers,  proposals  for 
the  hire  of  the  necessary  dredgiug  equipment  were  advertised  for,  and 
bids  will  be  opened  on  the  14th  of  the  present  month.  It  is  expected  to 
exhaust  the  appropriation  in  the  manner  above  projected  iu  the  course 
of  the  present  working-season. 

From  an  examination  of  the  channel  already  dredged,  and  which  has 
remained  untouched  for  over  a  year,  it  does  not  appear  that  the  slight 
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annual  silting  in  effects  enough  shoaling  to  warrant  the  Uuited  States 
going  to  the  expense  of  building  a  pier  of  protection  to  the  dredged  chan- 
nel. The  channel  once  completed,  slight  annual  dredging  may  be  required 
to  keep  it  in  good  navigable  condition,  "but  from  present  appearances 
and  past  experience,  as  recorded  in  the  several  annual  reports  while* the 
improvement  has  been  going  on,  it  is  probable  that  such  dredging  as 
may  be  required  will  be  entirely  within  the  means  of  the  town  authori- 
ties to  provide  for,  assisted,  if  necessary,  by  such  vessel  interests  as  may 
be  most  benefited  by  the  improvement.  Should  this  view  of  the  case 
prove  fallacious,  a  point  which  can  only  be  determined  by  awaiting  the 
developments  of  time,  of  course  it  may  become  necessary  to  estimate  for 
further  appropriations  either  for  annual  dredging  or  for  the  construction 
of  a  pier  of  protection,  as  may  be  shown  to  be  most  economical  and 
effectual  in  maintaining  the  channel  in  good  navigable  condition.  In 
the  light  of  present  information,  however,  I  only  estimate  for  the  com- 
pletion of  the  channel  by  dredging  to  its  full  width  of  200  feet,  with  13 
feet  depth  of  water  at  low  stage.  This  is  all  that  commerce  demands  at 
preseut.  A  beacon-pier  at  the  lake  end  of  the  chauuei  would  certainly 
be  desirable,  but  hardly  comes  within  the  province  of  the  harbor  im- 
provement, being  rather  the  affair  of  the  Light- House  Board.  I,  there- 
fore, confine  myself  to  an  estimate  for  completion  of  the  harbor  by 
dredging,  at  a  total  expense  of  $20,000,  all  of  which  I  respectfully  recom- 
mend to  be  appropriated  at  the  next  session  of  Congress,  in  order  that 
the  cbantiel  may  be  finished,  as  it  readily  can  be,  in  the  working  season, 
and  the  extra  expense  incidental  to  breakiug  off  and  resuming  work 
thereby  avoided. 

The  national  importance  of  this  harbor  has  been  fully  set  forth  in  the 
last  annual  report. 

The  original  estimate  of  the  cost  of  this  work  is  $395,000,  which  was 
made  by  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  in  1871. 

The  amounts  that  have  thus  far  been  appropriated  for  this  work  are 
as  follows : 


1871 $10,000 

1872 15,000 

1873 15,000 

1874 15,000 


1875 $15,000 

1876 10,000 

Total 80,000 


Seventy  thousand  and  seventy-nine  dollars  and  twenty  three  cents  of 
which  has  been  expended  upon  the  work  up  to  the  close  of  the  fiscal 
year,  leaving  a  balance  of  $9,920.77  to  be  expended  during  the  present 
working-season. 

This  work  is  located  in  the  Superior  collection  district,  Michigan.  The  nearest  port 
of  entry  is  Marquette,  Mich.  The  nearest  light-house  is  the  Cheboygan  light.  Number  of 
clearances  during  the  fiscal  year,  513.  Total  tonnage  of  vessels  cleared  195,247.  Amount 
of  revenue  collected  at  this  port  during  the  fiscal  year,  $1,413.15. 

Money  statement. 

July  1,  1876,  amount  available $262  44 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 


July  1,  1677,  amount  expended  during  fiscal  year, 


10, 262  44 
341  67 


July  1,  1877,  amount  available 9,920  77 


Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1879.  20, 000  00 

60  £ 
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ANNUAL  REPORT  OF  MAJOR  N\  MICHLER,  CORPS  OF  ENGI- 
NEERS, FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1877. 

United  States  Engineer  Office, 

Toledo,  Ohio,  July  14,  1877. 

General:  I  have  the  honor  to  transmit  herewith  the  annual  reports 
upon  the  various  works  of  harbor  improvement  under  my  charge  for  the 
focal  year  ending  June  30, 1877. 

Very  respectfully,  your  obedient  servant, 

N.  Michler, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  17.  8  A* 


Major  of  Engineers. 


EE  i. 

IMPROVEMENT  OF  MONROE  HARBOR,  MICHIGAN. 

The  plan  adopted  for  the  improvement  of  this  harbor  consisted,  in  the 
first  place,  in  opening  a  canal,  known  as  the  Monroe  City  Canal,  for  the 
purpose  of  straightening  and  shortening  the  course  of  the  Raisin  River 
at  one  of  its  elbows;  and,  in  the  second  place,  by  connecting  the  bed  of 
the  river  from  a  point  1£  miles  above  its  mouth,  and  where  the  Little 
Sandy  Creek  empties  into  it,  with  deep  water  in  Lake  Erie  by  a  direct 
channel  or  cut,  the  latter  designated  as  the  United  States  Ship  Canal. 
Dimensions  of  the  two  canals:  Monroe  City — length,  1,200  feet ;  width, 
100  feet;  depth,  11  feet;  United  States— length,  4,000  feet;  width,  100 
feet ;  depth,  11  feet.  % 

The  small  appropriations  have  been  applied  in  the  following  manner: 
In  digging  out  and  subsequent  dredgiug  of  the  cuts,  by  protecting  their 
sides  with  revetment  of  sheet-piling;  in  the  construction  of  piers  and 
pier-heads  from  the  shore  out  into  the  lake;  and,  during  the  last  few 
years,  in  renewing  the  revetments  of  two  canals,  wherever  destroyed, 
together  with  repairing  and  strengthening  the  outer  piers. 

The  appropriation  for  the  fiscal  year  just  closed,  amounting  to  $5,000, 
is  now  being  applied  to  such  repairs  on  the  piers  as  have  become  neces- 
sary through  damage  incurred  by  heavy  storms  and  the  crushing  of  ice, 
and  in  the  renewal  of  the  revetments;  it  is  expected  to  complete  about 
2,000  feet  of  fiuished  work  with  that  amount.  As  authority  to  expend 
the  appropriation  was  not  received  until  the  first  part  of  May,  and  as 
some  little  time  was  consumed  in  preparing  and  awaiting  the  approval 
of  the  project  for  its  expenditure,  but  little  work  was  accomplished  during 
the  fiscal  year  further  than  the  procuring  of  the  necessary  materials. 
The  following  is  the  bill  of  materihl  furnished  aud  put  in  place: 

67  piles  driven  in  place  and  1,087  linear  feet  of  revetment. 
5,000  feet,  board-measure,  oak-timber  wale  and  binder  pieces,  framed  and  put  in  place. 
481  pounds  of  iron,  nuts  and  screws,  and  wasber-bolts. 
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The  work  is  being  executed  by  the  purchase  of  the  material  in  open 
market  and  by  day-labor,  and  will  be  partially  finished,  as  far  as  the 
funds  on  hand  will  admit,  by  the  latter  part  of  September. 

There  will  remain  to  be  completed,  after  the  present  appropriation  is 
exhausted,  about  1,500  feet  of  renewed  and  extended  revetment.  The 
north  and  south  piers  will  also  have  to  be  repaired  at  times,  owing  to 
frequent  damage  caused  by  storms.  The  canal  between  the  side  revet- 
ment, as  well  as  the  bar  or  shoal  in  the  channel  outside  of  the  entrance 
or  pier-heads,  will  have  to  be  kept  dredged  to  the  proper  depth.  The 
different  works  above  enumerated  will  render  the  United  States  Canal 
complete  in  all  its  parts,  and  it  is  likely  to  remain  in  good  condition  for 
several  years.  No  full  estimate  for  its  entire  and  permanent  completion 
can  be  made.  It  will  always  be  subject,  in  a  more  or  less  degree,  to 
damage  by  the  destruction  caused  by  rottenness  of  the  timbers,  from 
general  exposure  to  the  weather,  and  particularly  from  the  effect  of  ioe 
and  storms.  The  estimated  cost  of  the  present  completion  of  the  im- 
provement is  $10,000. 

The  following  table  supplies  the  amount  appropriated  in  each  year  for 
this  work  of  harbor  improvement  up  to  and  including  the  fiscal  year 
ending  June  30,  1877: 

1866 $31,015  27 

1872.; 10,000  00 

1873 15,000  00 

1874 10,000  00 

1875 10,000  00 

1876 5,000  00 


1835 $30,000  00 

1836 15,000  00 

ia37 30,000  00 

1838 15,000  00 

1844 20,000  00 

1852 14,000  00 


Sum  total 205,015  27 

The  amount  of  commerce  and  navigation  to  be  benefited  by  the  completion  of  this 
particular  work,  as  will  be  seen  by  an  examination  of  the  entrances  and  clearances  for 
the  last  several  years,  is  not  very  large ;  the  harbor  is  not  fit  for  a  harbor  of  refuge  for 
vessels  engaged  in  the  commerce  of  the  lakes.  There  is  a  light-house  on  the  north  pier- 
head at  the  outer  extremity  and  entrance  to  the  United  States  Canal.  The  light  is  a 
fixed  white  one  of  the  fourth  order.  The  nearest  defensive  work  is  Fort  Wayne,  near 
Detroit,  30  miles  distant. 

Monroe  Harbor  is  in  the  collection-district  of  Detroit,  Mich.  Amount  of  revenue  col- 
lected during  the  fiscal  year  ending  June  30,  1877,  $30  coin.  Entrances  and  clear- 
ances during  the  fiscal  year  ending  June  30,  1877 :  Number  of  vessels,  80;  tounage  of 
the  same,  7,120  tons. 

Money  statement. 

July  1, 1876,  amount  available $40  54 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  00 

5, 040  54 
July  1,  1877,  amount  expended  during  fiscal  year 548  10 


July  1, 1877,  amount  available 4,492  44 


Amount  (estimated)  required  for  completion  of  existing  project 10,  000  00 

Amount  that  cau  be  profitably  expended  in  fiscal  year  ending  June  30, 1879. ..  10, 000  00 


EE  2. 

IMPROVEMENT  OF  TOLEDO  HARBOR,  OHIO. 

The  original  plan  for  the  improvement  of  this  harbor  consisted  in 
widening  and  deepening  the  outer  and  inner  branches  of  the  southwest 
channel  through  Maumee  Bay  to  a  width  of  120  feet,  with  a  depth  of 
14  feet  at  a  low  stage  of  water.    The  work  was  commenced  in  I860, 
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and  was  annually  prosecuted  by  contract,  according  to  the  specifica- 
tions then  adapted,  nntil  the  close  of  the  working-season  of  1872.  In 
compliance  with  the  request  contained  in  a  communication  of  Decem- 
ber 23, 1872,  from  a  committee  of  the  Chamber  of  Commerce  of  Toledo, 
Ohio,  which  was  referred  to  the  Chief  of  Engineers,  the  subject  of  the 
improvement  and  preservation  of  the  harbor  was  submitted  to  a  Board 
of  Engineers,  with  instructions  to  report  a  plan  for  accomplishing  the 
objects  named,  one  u  affording  an  entrance-channel  of  not  less  than  15 
feet  depth  at  the  lowest  stage  of  water,  and  of  such  width  and  dimen- 
sions as  the  natnre  and  extent  of  the  commerce  of  that  harbor  made 
desirable."  The  report  of  the  Board  is  to  be  found  published  among 
the  congressional  documents  of  the  Forty-second  Congress,  third  ses- 
sion, House  of  Representatives,  Ex.  Doc.  No.  92.  .  Reference  to  this  re* 
port  is  respectfully  requested,  as  it  is  fully  descriptive  of  Maumee  River 
and  Bay,  and  states  the  essential  requirements  to  fulfill  the  desired 
needs  of  the  problem  nnder  consideration. 

In  submitting  the  report  the  Chief  of  Engineers  briefly  recapitulated 
the  three  plans  of  improvement  as  follows : 

The  first  (plan)  being  a  project  for  a  straight  cut  through  North  Cape  Point,  the  esti- 
mated cost  of  which  is  01,858,500. 

This  plan  starts  from  the  iuner  and  middle  ranges  of  the  natural 
channel,  and  precludes  the  necessity  of  also  closing  the  present  outlet 
into  the  bay  of  Ten-Mile  Run — called  in  the  report  Ottawa  River — by 
a  dam,  and  by  making  a  new  one  direct  into  the  lake  by  a  cut  through 
the  North  Cape.  The  length  of  this  cut  from  Presque  Isle  Point,  mouth 
of  Maumee  River,  to  deep  water  of  Lake  Erie  would  be  7.3  miles,  or  1.1 
shorter  than  the  present  or  natural  channel. 

The  second  plan,  which  is  a  modification  of  the  preceding,  proposes  to  extend  the 
river  through  the  bay  and  North  Cape  to  Lake  Erie,  confining  the  river-water  in  a  new 
channel  of  about  the  same  dimensions  as  its  natural  bed.  The  estimated  cost  of  this 
project  is  $3,074,500. 

This  plan  the  Board  considers  the  most  complete  solution  of  the  problem  before  it, 
the  result  of  which  can  be  predicted  with  the  most  certainty. 

This  would  be  simply  the  extension  of  the  banks  by  the  construction 
of  two  lines  of  pier  revetments  for  the  protection  of  both  sides  of  the 
proposed  new  channel  from  the  mouth  direct  to  Lake  Erie;  and  as  the 
Board  remarks,  it  must  not  be  understood  that  it  is  a  part  of  this  pro- 
ject to  dredge  a  through-cut  900  feet  wide,  "  because  there  is  a  possibil- 
ity that  the  river-currents  will  of  themselves  dredge  out  this  channel  to 
the  same  depth  as  the  natural  channel  above,"  the  process  being  similar 
to  that  now  taking  place  at  the  mouth  of  the  Mississippi. 

The  third  plan  is  to  improve  the  existing  natural  channel  through  Maumee  Bay,  the 
estimated  cost  of  which  is  $450,000. 

This  plan  the  Board  recommended  for  adoption  for  the  several  reasons 
stated  iu  the  report.  The  principal  one,  and  a  very  important  one,  is 
ttjat  it  is  the  least  expensive,  and  that  the  estimated  cost  ot  either  of 
the  other  plans  would  exceed  auy  probable  appropriation  that  Congress 
is  likely  to  make  for  this  harbor  until  its  importance  is  more  clearly 
demonstrated. 

In  the  "act  making  appropriations  for  the  repair,  preservation,  and 
completion  of  certain  public  works"  of  river  and  harbor  improvement, 
approved  June  23, 1866,  and  to  which  the  attention  of  the  officer  in  charge 
has  been  invited  by  the  Chief  of  Engineers,  the  question  is  propounded, 
44 As  far  as  practicable,  what  amount  of  commerce  and  navigation  would 
be  benefited  by  the  completion  of  each  particular  work!"    The  most 
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reliable  and  instructive  answer  to  this  question,  as  regards  this  harbor, 
can  be  found  in  an  elaborate  and  carefully-prepared  paper  entitled  uThe 
Eighteenth  Annual  Report  of  the  Trade  and  Commerce  of  the  city  of 
Toledo,  T.  Wales,  secretary ."  The  statistics  therein  furnished  will  con- 
vey in  a  well  defined  manner  the  importance  of  the  trade  of  Toledo,  aud 
the  shipments,  both  foreign  and  domestic,  of  flour  and  grain  and  mis- 
cellaneous articles  of  produce.  The  following  tables  form  but  a  brief 
synopsis  of  the  statistics  furnished  by  the  authority  above  mentioned : 

Statement  of  shipments  of  flour  and  grain  by  lake  from  the  port  of  Toledo  during  the  season 

of  navigation  in  1876. 

BECAPITULATION. 


Whither. 


To  American  ports. 
To  Canadian  ports  . 


Total. 


Wheat 


Bushels. 
3, 513, 854 
217, 535 


3, 730, 779 


Corn. 


Bushels. 
2,  878, 653 
1,588,722 


4, 467, 375 


Total  shipments  of  flour barrels.. 

Total  shipments  of  grain bushels.. 

Grand  total  flour  to  wheat bushels.. 


Oats. 


Bushels. 
165, 219 
531,091 


696,310 


24,066 
8, 994,  464 


9, 014, 794 
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Statement  showing  the  shipments  of  miscellaneous  products  by  lake  from  the  port  of  Toledo 

during  the  season  of  1876. 


Articles. 


Oak  timber cub.  ft 

Steves No. 

Ash  lumber feet 

Black-walnut  lumber do.. 

Tobacco bbds 

Pig-iron tons. 

Potatoes bbls 


Quantity. 


648,500 

1,0*1,716 

107,000 

8,040.336 

1.071 

2,810 

800 


Articles. 


Oil bbls 

Fisb pkffs 

Grass-seed bags 

Mill-feed tons. 

Coal do.. 

Hay do.. 


Quantity. 


55 
8,950 
74 
48 
536 
30 


The  foregoing  interesting  statement  shows  the  amount  of  lake  com- 
merce benefited  during  the  year  1876,  and  there  is  every  reason  to  be- 
lieve that  it  will  be  largely  increased. 

Since  the  commencement  of  the  present  year  a  new  railroad,  the  Co- 
Iambus  and-  Toledo,  has  beeu  completed,  and  has  its  terminus  on  the 
liver.  The  company  has  been  engaged  lately  iu  the  construction  of  an 
immense  dock  on  the  riverfront,  preparatory,  to  the  shipment  by  the 
lake  of  large  quantities  of  grain,  coal,  lumber,  and  other  products  from 
the  interior  of  the  State,  and  from  further  south.  In  addition  to  the 
Columbus  and  Toledo  Railway,  the  following  are  the  several  sources  of 
supply  and  shipment:  The  Detroit  and  Toledo:  Canada  Southern; 
Toledo  and  Chicago  Air-Line ;  Wabash ;  Lake  Shore  and  Michigan 
Southern  ;  Dayton  and  Michigan  ;  Toledo,  Tiffin  and  Eastern,  (Penn- 
sylvania Central ;)  Atlantic  aud  Lake  Erie  Railways;  the  Miami  and 
Erie  Canal ;  the  lakes ;  and  the  home  manufactures. 

The  plan  as  finally  adopted  consisted  in  dredging  out  the  natural  or 
existing  channel  to  a  width  of  250  feet  at  the  top,  and  200  at  the  bot- 
tom, with  a  depth  of  15  at  an  average  stage  of  low  water ;  also  that  the 
sweeps  at  the  angles  or  elbows,  of  which  there  are  four,  shall  be  so 
rounded  that  vessels  will  be  able  to  pass  from  one  reach  to  another  with- 
out difficulty.  The  work  has  been  prosecuted  by  contract.  During  the 
season  of  1876  operations  were  not  undertaken,  as  the  balance  remaining 
on  hand  was  not  sufficient  to  justify  it,  and  the  authority  to  spend  a 
portion  of  the  succeeding  appropriation  was  received  too  late  to  accom- 
plish anything.  The  dredging  was  resumed  on  the  30th  of  April  of  this 
year,  a  contract  dated  April  18  having  been  entered  into  with  William 
Richardson,  of  Buffalo,  X.  Y. ;  the  amount  to  be  expended  not  to  ex- 
ceed the  first  allotment  of  $22,500  from  the  appropriation  of  $60,000 
approved  August  14,  1876,  the  use  of  which  had  been  authorized  Sep- 
tember 14,  1876.  Two  dredges  were  placed  at  work  on  the  north  or 
outer  reach  of  the  channel,  but  subsequently  one  was  removed  to  the 
southwest  reach.  On  the  18th  of  June  a  second  contract,  the  amount 
to  be  limited  to  the  unallotted  balance,  $37,500,  was  made  with  Orville 
J.  Jennings,  of  Dunkirk,  N.  Y.,  to  place  three  additional  dredges,  with 
the  necessary  tugs,  dumping  scows,  and  other  appliances,  on  the  work. 
Two  were  accordingly  placed  iu  position  on  the  25th  of  the  same  month, 
and  immediately  commenced  operations.  The  contractor  was  authorized 
by  the  Secretary  of  War  to  extend  the  time  until  the  10th  of  July  for  the 
third  to  arrive  in  the  harbor;  and  it  may  be  here  fctated  that  it  arrived 
promptly  on  the  designated  day.  The  three  last  dredges  were  also  placed 
at  work  on  the  outer  or  north  reach  at  the  entrance  of  thechannel,  opposite 
Turtle  Island.  During  the  months  of  May  aud  June  the  dredges  have 
cut  and  raised  44,541  cubic  yards  of  sand  and  clay,  which  was  towed  out 
and  dumped  into  deep  water  of  the  lake.  By  the  terms  of  the  two  con- 
tracts, there  will  be  removed  from  thechannel  nearly 3S0,000cubic  yards^ 
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of  material.  No  exact  estimate  can  be  made  as  to  the  quantity  which 
will  require  removal  in  order  to  complete  the  channel  to  its  full  dimen- 
sions during  the  fiscal  year  ending  June  30;  1879,  as  the  filling  in  of  the 
dredged  cut  is  being  effected  to  a  greater  or  less  extent  through  the 
winter  aud  spring  months,  and  during  the  occurrence  of  severe  gales  on 
the  lake.  The  filling  or  washing  in  can  only  be  prevented  by  the  pro- 
tection of  the  two  sides  of  the  channel  by  a  facing  of  some  material  suf- 
ficiently durable  and  laid  in  accordance  with  any  one  of  the  plans  usu- 
ally adopted  for  the  purpose,  such  as  revetmeut  constructed  of  sheet-pil- 
ing through  the  bay,  and  piers  of  crib-work  extending  out  into  the  lake. 
When  this  is  done  the  improvement  can  ^e  more  readily  considered  as 
entire  and  permanent.  It  is  estimated  that  an  appropriation  of  $110,000 
will  be  required  to  execute  the  plan  as  adopted,  and  the  entire  amount 
can  be  profitably  expended  during  the  year.  Small  annual  expenditures 
will  have  to  be  made  after  the  completion  of  the  first  thorough  cut 
throughout  its  entire  length,  in  order  to  dredge  such  material  as  may 
be  subsequently  washed  in  by  the  waters  of  the  bay. 

The  following  is  a  statement  of  the  amounts  and  date  of  all  former 
appropriations  for  this  work  of  improvement,  including  the  year  ending 
June  30,  1877  : 

1873 $100,000  00 

1874 75,000  00 

1875 75,000  00 

1876 60,000  00 


1866 $20,000  00 

1867 20,000  00 

1869 29,700  00 

1870 50,000  00 

1871 50,000  00 

1872 15,000  00 


Total 494,700  00 


Abstract  of  bids  received  and  opened  at  12  o'clock  noon  of  the  4th  of  April,  for  improving 

harbor  at  Toledo,  Ohio, 


Name  of  bidder. 


Residence. 


So 


Oenti. 
24 
24 
22 
20 
20 
19 
19 
18* 
15 
15 
12* 


Edwin  H.  French 

EliasSims 

P.Smith 

Thomas  M.  Hubble 

Charles  S.  Barker 

John  Hunter 

John  Kelly 

T.  H.  Walsh  and  Robert  J.  Hackett. 

O.  J.  Jen  ni  ngs 

M.  J.  Wilcox 

William  Richardson 


Fulton.N.Y 

Cleveland,  Ohio 

do 

Saginaw  City,  Mich. ... 
Sault  Ste.  Marie,  Mich. 
Sterling  Valley,  N.  Y... 

Cleveland,  Ohio 

Detroit,  Mich  .• 

Dunkirk,  N.Y 

Toledo,  Ohio 

Buffalo,N.Y 


Abstract  of  bids  received  and  opened  at  12  o'clock  noon  of  the  26th  of  May,  1877,  for  improv- 
ing harbor  at  Toledo,  Ohio. 


Name  of  bidder. 


Residence. 


Patrick  Smith 

Edwin  H.  French 

William  S.  Lark  in  and  Nath.  Stickney 

William  Richardson .'. 

Orville  J.  Jennings 


Cleveland,  Ohio 

Fulton,  N.Y 

East  Saginaw,  Mich. 
Buffalo,  N.  Y. 


P.et 
8.S 


Oenti. 
20 
17 

1.H 
15 


Dunkirk,  N.Y 14 
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The  first  contract  was  awarded,  with  the  approval  of  the  Chief  of  Engi- 
neers, to  William  Richardson,  of  Buffalo,  N.  Y.,  and  will  expire  on  the 
1st  day  of  October,  1877,  and  the  second  to  Orville  J.  Jennings,  of 
Dunkirk,  N.  Y.,  which  will  close  on  the  3 1st  of  August,  1878,  and  ex- 
haust the  appropriation  of  860,000  approved  August  14,  187G. 

There  is  a  light-house  on  Turtle  Island,  at  the  entrance  to  Muumee  Bay,  and  three 
set*  of  range-lights  for  the  same  chanuel ;  the  light  which  marks  the  harbor  is  a  fixed 
white  ot  the  fourth  order.  The  nearest  defensive  work  is  Fort  Wayne,  uear  Detroit, 
distant  45  ni>les. 

Toledo  harbor,  Olro,  is  in  the  collection-district  of  Miami. 

Amount  of  revenue  collected  during  the  fiscal  year  ending  Juue  30,  1877,  as  follows  : 

From  dnties  on  imports,  (coiu) $20,7.38  93 

From  other  sonrces,  (currency ) 6, 269  82 

Total 27,008  75 

Entrances  and  clearances  of  foreign  vessels  during  the  fiscal  year  end- 
ing June  30, 1877  ;  number,  408  ;  tonnage 117,118  tons. 

Entrances  and  clearances  of  Americau  vessels  from  and  to  foreign  ports ; 
number,  98  ;  tonnage •. 14,934  tons. 

Entrances  and  clearances  of  coustiug- vessels  ;  number,  2,713  ;  tonnage  of 
same 762,286  tons. 

Total  vessels,  3,219;  tonnage t 894,338  tons. 

Money  statement. 

July  1,  1876,  amount  available 84, 160  67 

Amount  appropriated  by  act  approved  August  14,  1876 60,  000  00 

64,180  67 
July  1,  1877,  amou it  expended  during  fiscal  year 13,411  32 

July  1,  1877,  amount  available.. 50,769  35 

Amount  (estimated)  required  for  completion  of  existing  project 110,  000  0U 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.  110, 000  00 


EE3. 

IMPROVEMENT  OF  PORT  CLINTON  HARBOR,  OHIO. 

As  by  data  furnished  in  previous  reports  by  the  officers  in  charge,  a 
survey  and  estimate  for  the  improvement  of  this  harbor  were  made  in 
1867,  and  printed  in  the  Report  of  the  Chief  of  Engineers  for  1868.  The 
estimate  (approximate)  was  $89,000.  A  second  survey  (with  a  new 
project  and  estimate)  was  made  in  1870;  (see  Report  of  Chief  of  Engi- 
neers for  1871;)  the  estimated  cost  of  this  project  was  $120,000.  The 
plan  first  adopted  consisted  in  deepening  by  dredging  to  the  depth  of 
8  feet  the  long  and  narrow  channel  leading  from  the  mouth  of  Portage 
River  into  deep  water  of  the  lake;  also  by  running  a  timber  revetment 
1,000  feet  in  length  along  the  peuinsula  on  the  north  side  of  the  river 
at  its  entrance  for  the  purpose  of  protecting  it  against  abrasion  by 
the  waves  from  the  lake  side,  and  to  act  as  an  impediment  to  the  con- 
stant encroachment  or  drifting  of  the  sand  into  the  channel.  The  first 
appropriation  for  the  work  was  made  in  1872,  and  the  work  of  dredging 
was  then  commeuced ;  the  cut  made,  however,  was  soon  filled  up  by  the 
washing  back  into  the  channel  of  the  material  taken  out.  Subsequently 
the  revetment  or  catch-sand  fence,  on  the  spit  forming  the  left  side  of 
the  entrance  to  the  river,  was  constructed  and  has  answered  the  pur- 
pose in  checking  the  movement  of  sand  very  satisfactorily.  The  plan 
now  adopted  for  the  improvement,  in  connection  with  the  revetment  to 
which  reference  has  just  been  made,  consists  in  forming  an  artificial 
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harbor  by  confining  the  How  of  the  river  and  directing  the  coarse  of  its 
current  toward  the  nearest  point  of  deep  water  of  the  lake;  about  along 
the  line  where  formerly  the  oldest  known  channel  existed.  For  this 
purpose  it  is  intended  to  build  a  canal,  faced  on  each  side  by  a  revet- 
ment,  or  strong  sheeting  of  thick  plank,  strougly  supported  by  rows  of 
closely  driven  piles;  the  whole  firmly  framed  together  by  heavy  timber 
and  protected  at  the  bottom  by  fascines  or  mill-clippings,  loaded  down 
by  riprap  of  loose  blocks  of  stone  to  resist  the  action  of  the  current, 
thus  preventing  undermining.  The  work  on  this  plan  was  commeuced 
iu  1875,  and  continued  until  the  appropriation  for  that  year  was  ex- 
hausted.  By  the  30th  of  June  the  west  line  of  revetment  was  extended 
from  the  end  of  the  first  sand-catch  fence  northeastwardly  into  the  lake 
ior  a  distance  of  840  feet.  The  anticipated  effect  of  opening  a  new  chan- 
nel along  it,  from  the  scouring  effort  of  the  river-current,  was  only  par- 
tially successful,  the  tough  clay  of  the  bottom  resisting  with  great 
tenacity  a  further  tendency  toward  the  accomplishment  of  that  purpose. 
In  constructing  it  nature  must  be  assisted  by  dredging  out  a  cut  through 
the  canal  as  soon  as  the  sides  are  completed.  No  work  was  accom- 
plished during  the  year  1876.  The  expenditure  of  the  appropriation  of 
$5,000  for  that  year  was  not  authorized  uutil  the  early  part  of  May  of 
this  one.  As  soon  as  a  project  for  the  contiuuance  of  the  work  could 
be  submitted  to  and  approved  by  the  Chief  of  Engineer?,  after  an  in- 
spection of  the  portion  executed  had  been  made  and  careful  soundings 
taken  previously  to  ascertain  the  effect  produced  upon  the  channel  by 
the  construction  of  the  first  revetment,  the  necessary  arrangements 
were  made  for  commencing  operations  as  soon  as  practicable.  The 
material  is  to  be  purchased  in  open  market,  and  the  work  to  be  done 
by  day  labor.  The  construction  of  the  second  revetment,  on  the  east 
side  of  the  entrance  to  the  river,  was  only  commenced  on  the  25th  of 
June,  after  the  necessary  piles  and  timber  had  been  furnished  and 
rafted  to  the  locality.  By  the  end  of  the  fiscal  year  very  little  had  been 
accomplished.  The  length  of  the  new  revetment,  similar  in  construc- 
tion to  the  one  already  in  position,  will  be  built  out  as  far  as  the  very 
limited  appropriation  will  admit ;  it  will  terminate  in  a  bulkhead  nearly 
opposite  the  first  one.  For  the  present  a  clear  way  of  150  feet  will  be 
left  open  to  enable  vessels  to  use  the  old  channel,  the  latter  to  be  built 
across  and  closed  up  at  some  future  time,  as  soon  as  a  new  appropriation 
can  be  obtained.  The  width  of  the  artificial  harbor  aloug  the  first  sec- 
tion is  to  be  nearly  the  same  as  that  of  the  river,  over  300  feet,  so  as 
not  to  obstruct  too  much  the  flow  upon  the  breaking  up  of  the  ice  .at 
the  opening  of  spring.  The  length  of  that  portion  of  the  canal  to  be 
completed  duriug  the  present  working  season,  probably  by  the  end  of 
August,  will  be  about  800  feet.  From  its  terminal  poiut  to  a  depth  of 
10  feet  of  water  in  the  lake,  sufficient  for  present  purposes,  the  distance 
is  about  900  feet.  This  section  of  the  work,  owing  to  its  greater  exposure 
to  the  action  of  storms,  will  have  to  be  constructed  with  jetties,  or  the 
usual  crib-work  filled  with  stones,  and  covered  by  a  flooring  of  thick 
plank.  Between  the  jetties  of  this  part  the  passage-way  will  be  narrowed 
to  200  feet,  so  as  to  give  greater  velocity  to  the  river-curreut,  and  by 
this  means  remove  to  a  great  exteut  the  deposits  which  may  have  a 
tendency  to  form  in  the  chaunel. 

Although  from  the  examinations  recently  made  it  is  evident  that  the 
swift  current  of  the  river,  accelerated  by  spring  freshets,  has  a  teudency 
already  to  open  a  channel  along  the  center  of  the  proposed  caual,  and 
ou  the  line  of  least  distance  to  a  suitable  depth,  still  a  narrow  cut  will 
in  all  probability  have  to  be  dredged  throughout  its  entire  length  to  aid 
the  action  of  the  water. 
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It  is  estimated  that  an  appropriation  of  $75,000  will  be  necessary  for 
tbe  fiscal  yeaT  ending  Jane  30, 1879,  to  insure  the  entire  completion  of 
this  workof  improvement.  It  can  be  safely  anticipated  that  when  once 
accomplished  the  Portage  River,  with  its  waters  slightly  contracted  aud 
its  course  straightened,  will  scour  by  its  velocity  and  keep  open  the 
channel,  so  that  little  if  any  work  of  dredging  will  be  afterwards 
required.  As  the  jetties  will  be  subjected  to  severe  storms  and  heavy 
pressure  from  the  ice  of  winters,  there  will  no  doubt  be  occasional  work 
needed  to  repair  any  damages  or  destruction  that  may  occur  to  them  ; 
they  cannot,  therefore,  be  considered  permanent  structures,  and  will 
always  require  more  or  less  attention.  It  can  at  present  be  but  mere 
conjecture  what  amount  of  commerce  and  navigation  would  be  benefited 
by  the  completion  of  this  particular  work ;  the  amount  of  revenue  col- 
lected for  the  last  few  years  has  certainly  not  been  large.  The  follow- 
ing statement  shows  the  amounts  appropriated  and  allotted  for  this  work 
of  harbor  improvement,  including  the  fiscal  year  euding  June  30, 1877  : 

1872 '. $8,000  00 

1873,  allotted  from  appropriation  for  contingencies  of  rivers  and  harbors. ..  2, 000  00 

1875 5,000  00 

1876 5,000  00 

Total 20,000  00 

Tbe  nearest  defensive  work  is  Fort  Wayne,  below  Detroit,  GO  miles  distant.  There 
is  a  iight-honse  tower  in  Port  Clinton,  but  the  light  was  extinguished  several  years 
ago ;  the  nearest  light-house  now  in  use  is  at  Green  Island,  10  miles  north. 

Port  Clinton  Harbor  is  in  the  collection-district  of  Sandusky,  Ohio. 

Amount  of  revenue  collected  daring  the  fiscal  year  ending  the  30th  of  June,  1877, 
$104.55. 

Entrances  and  clearances  during  the  fiscal  year  endiog  June  30,  1877 :  number  of 
vessels,  484  ;  tonnage  of  the  same,  30,223  tons. 

Money  statement. 

Julyl,  1876,  amount  available $16  20 

Amount  appropriated  by  act  approved  August  14, 1876 5, 000  00 

5, 016  20 
July  1, 1677,  amount  expended  during  fiscal  year 86  27 

July  1,  1877,  amount  available 4,929  93 

Amount  (estimated)  required  for  completion  of  existing  project 75, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  euding  June  30, 1879  . .  75, 000  00 


££4. 
IMPROVEMENT  OF  SANDUSKY  CITY  HARBOR,  OHIO. 

From  the  last  annual  report,  1876,  of  my  predecessor  ill  charge  of 
this  work  of  improvement,  the  following  extract  is  made : 

The  original  works  of  improvement  of  this  harbor  consisted  in  a  pier  or  crib-work 
for  the  protection  of  Peninsula  Point,  a  projection  from  the  north  side  of  Sandusky 
Bay,  between  which  and  Cedar  Point,  on  the  southeast,  was  the  entrance  to  the  bay. 
These  works  and  the  point  on  which  they  stood  have  long  ago  disappeared,  having 
been  destroyed  by  the  lake,  and  in  1859  nothing  remained  either  of  point  or  pier. 

The  plan  subsequently  adopted  consists  in  dredging  oat  th&  natural 
ship-chaunel  to  the  eastward  of  Johnson's  Island,  known  as  the  west 
channel.  Some  discussions  were  had  relative  to  the  merits  of  what  is 
called  the  east  channel,  which  runs  close  around  the  west  end  of  Cedar 
Point,  and  then  points  in  a  more  direct  line  toward  the  city  front ;  but 
for  tbe  reasons  assigned  in  the  report  of  the  engineer  then  in  charge 
the  west  channel  was  preferred,  although  longer  and  more  tortuous. 
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To  render  the  east  channel  serviceable  a  cut  of  about  700  feet  would 
have  to  be  dredged  in  its  prolongation  over  a  shoal  or  sand  flat  having 
but  5  or  6  feet  of  water  upon  it.  There  is  already  evidently  a  tendency 
on  the  part  of  the  lake  to  wash  a  channel  through  it.  The  dredging  of 
the  natural  channel  is  now  progressing  in  conformity  with  the  specifica- 
tions of  the  plan;  the  width  is  to  be  200  feet,  with  a  depth  of  15. 
There  was  no  work  executed  during  the  working-season  of  1876;  it  was 
resumed,  however,  on  the  2d  of  May  of  this  year,  a  contract  having 
been  entered  into  with  Minot  In  gal  Is  Wilcox,  of  Toledo,  Ohio,  one 
dredge  being  then  placed  in  the  cut;  on  the  17th  of  June  a  second 
dredge  was  also  set  tp  work,  agreeable  to  articles  of  agreement  made 
with  Orville  J.  Jennings,  of  Dunkirk,  X.  Y.  The  two  have  been  operat- 
ing respectively  until  the  close  of  the  fiscal  year  in  widening  the  sweeps 
at  the  two  most  prominent  elbows  of  the  channel.  As  soon  as  the 
desired  width  and  depth  are  obtained  along  the  sweeps  aud  reaches  be- 
tween the  15  foot  curve  at  the  buter  extremity,  aud  the  12-foot  curve  at 
the  inner  end  of  the  cut,  it  is  proposed  to  extend  the  latter  about  2,500 
feet  toward  the  city  front  along  the  line  of  deepest  water. 

Twenty -six  thousand  six  hundred  aud  seventeen  cubic  yards  of  sand 
and  clay  have  been  dredged  and  removed  by  scows  into  deep  water  of 
the  lake.  By  the  terms  of  the  two  contracts,  which  are  exceedingly  low 
this  year  in  comparison  with  former  ones,  it  is  expected  to  remove  by 
the  close  of  the  fiscal  year  ending  June  30,  1878,  over  150,000  cubic 
yards  of  material  from  Ihe  channel ;  this  quantity  when  taken  out  will 
about  finish  the  section  from  the  12-foot  curve  out  into  the  lake.  To 
complete  the  entire  cut  until  it  reaches  the  line  of  docks  along  the 
city  front  it  is  estimated  that  $20,000  will  be  required,  and  that 
sum  can  be  profitably  expended  during  the  fiscal  year  ending  June  30, 
1879.  What  amount  of  commerce  and  navigation  would  be  benefited 
by  its  completion  cannot  now  be  practically  determined;  the  sources  of 
receipt  and  supply  are  by  the  Lake  Shore  and  Michigan  Southern,  the 
Cleveland,  Sandusky  and  Cincinnati,  and  the  Sandusky,  Mansfield  aud 
Newark  (Baltimore  and  Ohio)  Railways,  and  by  the  lakes.  The  entire 
length  of  the  cut  is  4£  miles.  No  estimate  for  permanent  improvement 
can  be  given,  as  the  channel,  being  unprotected  on  its  sides,  will  grad- 
ually fill  up  unless  kept  open  by  dredging. 

Abstract  of  bids  for  San  dusty  City  Harbor,  received  and  opened  at  noon  on  the  4th  day  of 
April,  1877,  agreeable  to  first  allotment  made  from  the  appropriation  approved  August  14, 
1876. 


Name  of  bidder. 


Residence. 


•John  Hunter Sterling,  N.  V 

Ezra  Williams  and  John  H.  Uphum.. '  Duluth,  Minn 

John  Sims i  Cleveland,  Ohio 

P.Smith do , 

John  Kelly ! do , 

Edwin  H.French j  Fulton.  N.Y 

O.  J.  Jennings Dunkirk,  N.  Y 

Charles  S.  Barker !  Sault  Ste.  Marie,  Mich . 

T.H.Walsh  and  Robert  J.  Hackett '  Detroit,  Mich 

William  Richardson Buffalo,  N.  Y 

M.  I.  Wilcox Toledo,  Ohio 


II 


•gl 

«3 


Cents. 
30 
25 
20 
19 
18 
17 
17 
16 
13 
1*| 
HI 


By  the  approval  of  the  Chief  of  Engineers  this  contract  was  awarded 
to  Minot  Iugalls  Wilcox. 
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Abstract  of  bids  for  Sandusky  City  Harbor,  received  and  opened  at  noon  on  1he  26 fh  day  of 
May,  1877,  agreeable  to  second  allotment  from  the.  appropriation  approred  August  14, 1876. 


Name  of  bidder. 


Residence. 


Edwin  H.  French .. 

Patrick  Smith 

William  S.  Carkin  and  Natt.  Stickney 

William  Richardson 

Hinot  IngalU  Wilcox 

OrriUe  J.  Jennings 


Fulton,  N.Y 
Cleveland,  Ohio. 


8° 


Cents. 
25 
20 
E«k;  Sasdnaw,  Mich j      1.4 

11 


Buffalo,  N.  Y 
Toledo.  Ohio  .. 
Dunkirk,  N.  Y 


By  the  approval  of  the  Chief  of  Engineers  this  contract  was  awarded 
to  Orville  J.  Jennings. 

There  is  a  light-house  on  Cedar  Point,  on  the  sonth  Ride  of  the  entrance;  the  light 
is  a  fixed  white  of  the  fifth  order.  Fort  Wayne,  below  Detroit,  is  the 'nearest  defeusive 
work, miles  distant. 

Sandusky  City  Harbor  is  in  the  collection-district  of  Sandnsky,  Ohio. 

Amount  of  revenue  collected  during  the  fiscal  year  ending  June  30, 1K77.  §3,128.10. 

Entrances  and  clearances  doring  the  fiscal  year  euding  Jane  30,  1877 :  unmber  of 
vessels,  3,215 ;  tonnage,  518,543  tons. 

The  amounts  appropriated  in  each  year,  np  to  and  including  Jane  30, 
1877,  are  as  follows: 


1844 $15,000 

1852 .* 15,000 

1864 10,000 

1866 38,580 

1870 10,000 


1872 $13,000 

1873 25,000 

1874 25,000 

1875 25,000 

1876 25,000 


8nm  total 201,580 

Money  statement. 

Joly  1,  1876,  amount  available $106  77 

Amount  appropriated  by  act  approved  August  14,  1876 25, 000  00 


July  1,  1877,  amount  expended  during  fiscal  year 


25,106  77 
3,234  86 


July  1,  1877,  amount  available 21,771  91 


Amount  (estimated)  reqnired  for  completion  of  existing  projeot 20, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879 .       20, 000  00 


EE5. 
IMPROVEMENT  OF  HURON  HARBOR,  OHIO. 

The  improvement  of  this  harbor  consists  in  the  building  of  two  par- 
allel piers  of  crib- work,  tilled  with  loose  stone  and  covered  with  a  heavy 
plank  flooring  which  form  the  sides  of  a  canal  or  artificial  harbor;  it 
extends  from  the  mouth  of  the  river  Huron  in  a  northeast  direction 
for  1,040  feet,  until  it  reaches  a  depth  of  12  feet  of  water  in  the  lake,  and 
is  120  feet  iu  width ;  the  channel  is  12  feet  in  depth.  The  work  was 
commenced  iu  1826  and  completed  in  1866.  Since  then  some  minor  re- 
pairs have  received  attention.  During  the  fiscal  year  no  additional 
work  was  executed ;  but  an  inspection  on  the  last  day,  the  30th  of  June, 
found  that  several  planks  of  the  flooring  had  been  removed,  and  some 
stone  taken  from  the  crib-work  for  ballast ;  the  covering  on  the  shore 
wing  of  the  west  pier  is  almost  entirely  gone,  and  a  large  quantity  of 
the  loose  stone  removed  from  it.  With  these  exceptions  the  harbor  is 
in  good  condition  ;  a  small  appropriation  of  $1,000  is  required  for  the 
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purpose  of  attending  to  the  few  repairs  now  needed,  and  in  anticipation 
of  similar  ones  for  the  fiscal  year  ending  June  30,  1879. 

There  is  a  light-house  on  the  head  of  the  west  pier,  and  an  elevated  walk  placed 
upon  the  latter  far  the  use  of  the  keepers ;  the  light  is  a  fixed  white  of  the  fourth 
order.    Fort  Wayne,  below  Detroit,  70  miles  distant,  is  the  nearest  defensive  work. 

Huron  Harbor,  Ohio,  is  in  the  Sandusky  collection-district.  Judging  from  the  re- 
ports of  the  past  years,  the  amount  of  commerce  and  navigation  benefited  by  the  com- 
pletion of  this  work  has  not  been  large. 

Amount  of  revenue  collected  for  year  ending  June  3(T,  1877,  $42.40. 

Entrances  and  clearances  during  the  year  ending  June  30,  1877 :  number  of  vessels, 
124  ;  tonnage,  21,104  tons. 

The  following  statement  shows  the  amount  appropriated  each  year, 
up  to  and  including  1876,  for  the  work  of  this  harbor  improvement : 


1826 $5,000  00 

1828 4,413  35 

1829 „ 5,935  00 

1830 1,880  36 

1831 3,480  00 

1832 1,500  00 

1834 6,700  00 

1836 4,300  00 

1837 2,565  00 


1838 $5,000  00 

1844 5,000  00 

1852 10,000  00 

1866 39,000  00 

1874 1,500  00 

1875 1,000  00 


Total 97,273  71 


Money  statement. 

July  1,  1876,  amount  available $189  17 

July  1,  1877,  amount  available 189  17 

Amount  (estimated)  required  for  repairs 1,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1879.  1,000  00 


££6. 

IMPROVEMENT  OF  VERMILLION  HARBOR,  OHIO. 

The  plan  of  this  improvement  consists  partially  in  the  building  of  two 
parallel  piers  from  the  month  of  the  Vermillion  River,  which  stretch 
northerly  into  the  lake,  forming  the  sides  of  a  canal.  The  latter,  as  now 
completed,  terminates  in  12  feet  of  water;  its  length  is  very  nearly  1,250 
feet  and  width  100  feet.  The  work  has  been  extended  at  different  times 
to  its  present  dimensions.  To  complete  the  improvement,  the  channel 
between  the  entire  length  of  the  piers  and  beyond  their  heads  has  still 
to  be  deepened  at  places  to  the  required  depth  of  14  feet  and  proper 
width  of  100  feet,  by  blasting  and  removal  of  rock  from  its  bottom,  also 
by  the  dredging  of  sand  aud  gravel  deposited  along  its  length,  and  out 
into  the  lake  as  far  as  the  14-foot  cnrve.  Some  slight  repairs  are  re- 
quired to  the  east  and  west  piers.  Owing  to  the  smallness  of  the  appro- 
priation, and  it  being  deemed  to  the  best  interest  of  the  Government,  it 
was  recommended  to  the  Chief  of  Engineers,  and  approved  by  him,  that 
the  improvement  as  commenced  be  carried  on  nntil  the  funds  become 
exhausted ;  the  material  for  the  work  to  be  purchased  in  open  market, 
and  that  it  be  executed  by  hired  labor. 

As  the  authority  for  its  application  was  only  received  in  May,  and 
some  little  time  being  exhausted  in  the  preparation  of  a  project  for  its 
expenditure  to  be  submitted  for  the  required  approval,  it  was  late  in  the 
fiscal  year  before  any  action  could  be  taken  toward  the  accomplishment 
of  the  work.  At  the  close  of  the  year  no  proposition  had  been  definitely 
made  by  any  of  the  parties  competent  to  perform  the  labor  required, 
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although  terms  fol*  blasting  and  dredging  had  been  invited  from  those 
engaged  in  the  business.  Among  the  reasons  assigned  for  nor,  being 
willing  to  undertake  the  work  were  that  the  amount  appropriated  is  too 
small  to  pay  for  the  extra  expense  of  fitting  out  a  dredge  with  the  nec- 
essary appliances  for  blasting  under  water,  and  that  the  cost  and  risk  in 
sending  it  to  and  bringing  it  back  from  the  locality  were  too  great  for  the 
small  amount  of  work  to  be  done;  these  expenses  would  demand  a  price 
that  would  seem  excessive. 

As  soon  as  the  necessary  arrangements  can  be  made,  the  improve- 
ment will  be  continued  as  rapidly  and  as  far  as  possible  during  the  pres- 
ent working  season.  To  finish  drilling,  blasting,  and  removal  of  rock,  and 
the  dredging  of  sand  and  gravel  from  the  bed  of  the  channel,  together 
with  making  such  repairs  to  the  piers  as  may  be  needed,  it  is  estimated 
that  $10,000  will  be  required  for  the  present  to  thoroughly  complete  this 
work  of  improvement;  some  dredging  of  sand  aud  repairs  of  wood- work 
will  be  annually  necessary,  in  consequence  of  damage  which  may  result 
from  exposure  to  heavy  storms  aud  the  crushing  action  of  the  ice  in 
winter.  The  first  appropriation  for  this  work  was  made  in  1836.  The 
piers  have  from  time  to  time  been  lengthened,  in  order  more  fully  to 
meet  the  necessities  of  trade,  but  it  is  believed  that  no  further  extension 
will  be  required  for  years  to  come.  During  the  months  of  September 
and  October,  1876,  both  the  north  and  east  piers  were  repaired  under 
the  direction  of  my  predecessor,  and  a  cut  which  had  been  washed 
through  the  sand  at  the  shore-end  of  the  west  pier  was  closed  to  pre- 
vent auy  material  from  being  carried  into  the  channel. 

For  the  last  few  years  the  revenue  collected  has  beeu  small,  and  the 
entrances  and  clearances  of  vessels  have  not  been  large,  nor  has  there 
been  auy  apparent  increase  since  the  piers  have  been  completed.  What 
amount  of  commerce  aud  navigation  will  be  benefited  in  the  future 
will  have  to  be  left  to  conjecture.  Stone  and  lumber  are  the  principal 
materials  shipped  to  and  from  this  port. 

There  is  a  light-house  built  on  the  head  of  the  west  pier,  and  an  elevated  walk  con- 
structed on  the  latter  for  the  nse  of  the  keepers;  the  harbor  is  marked  by  a  fixed  white 
light  of  the  fourth  order.  Fort  Wayne,  below  Detroit,  80  miles  ^st,  is  the  nearest 
defensive  work.    Vermillion  Harbor  is  in  the  Saudasky  collection -district. 

Amount  of  revenue  collected  during  the  fiscal  year  ending  June  30,  1877,  $32.55. 

Entrances  and  clearances  during  the  fiscal  year  ending  June  30,  1877:  number  of 
vessels,  87 ;  tonnage  of  same,  10,804  tons.  • 

The  following  statement  shows  the  amount  appropriated  each  year, 
op  to  and  including  the  30th  of  June,  1877,  for  the  work  of  this  harbor 
improvement : 

1836 $10,000  00 

1837 20,000  00 

1838 83,626  57 

1866 15,315  74 

1872 5,000  00 

1873 12,000  00 


1^74 $3,000  00 

1875... 10.000  00 

1876 5,000  00 


Total 103,942  31 


Money  statement 

July  1,  1876,  amount  available 

Amount  appropriated  by  act  approved  August  14, 1876 


July  1, 1877,  amount  expended  during  fiscal  year 
July  1, 1877,  amount  available 


$125  45 
5,000  00 

5, 125  45 
1,011  60 

4,113  ar> 


Amount  (estimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.       10, 000  00 

61  E 
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EE7.  • 

IMPROVEMENT  OF  BLACK  RIVER  HARBOR,  OHIO. 

The  plan  for  this  improvement  consists  in  the  construction  of  two 
piers  from  the  mouth  of  Black  River,  inclosing  a  canal  of  150  feet  in 
width,  and  extending  1,350  feet  in  a  northwesterly  direction  into  the 
lake,  until  a  depth  of  15  feet  of  water  is  obtained ;  the  channel- way  has 
also  been  dredged  to  that  depth  throughout.  The  piers  are  formed  of 
cribs,  heavily  framed  and  filled  with  loose  stone;  also  a  heavy  super- 
structure of  plank  being  placed  upon  them.  This  work  may  be  consid- 
ered as  completed  so  lar  as  may  be  required  of  vessels  now  employed 
in  the  trade  of  the  lakes.  Repairs  to  the  piers  will  be  occasionally  re- 
quired, as  they  are  likely  to  be  more  or  less  damaged  by  the  severe 
gales  and  the  crushing  force  of  ice  during  the  winter  months;  the 
channel  within  aud  without  the  piers  may  need  dredging  at  times. 
This  work  of  improvement  was  commenced  in  1828,  but  it  appears  that 
the  present  project  was  not  entered  upon  until  1864.  The  piers  have 
been  lengthened  from  time  to  time,  and  the  channel  dredged  to  suffi- 
cient depth,  so  that  this  harbor  may  now  be  considered  as  having  been 
extended  into  the  lake  as  far  as  it  appears  desirable. 

The  coal  trade  at  this  harbor  has  b^en  increasing  very  rapidly,  ac- 
cording to  information  recently  furnished,  but  what  amount  of  commerce 
and  navigation  will  be  benefited  by  enlarging  the  dimensions  of  the 
harbor  it  is  impossible  to  estimate.  The  greater  part  of  the  last  appro- 
priation, that  of  1876,  was  expeuded  under  the  direction  of  my  prede- 
cessor, in  repairing  the  damage  to  the  piers  caused  by  a  severe  gale 
from  the  northeast  in  May  of  that  year,  aud  in  closing  by  a  pile-dam  a 
cut  washed  out  by  the  lake  waters  at  the  south  or  shore  end  of  the  east 
pier,  through  which  material  was  being  carried  into  the  canal.  Some 
repairs  are  still  needed  at  the  south  end  of  the  west  pier.  In  order  to 
execute  the  required  work  and  to  have  funds  on  hand  to  meet  similar 
emergencies  during  the  fiscal  year  euding  June  30, 1879,  it  is  estimated 
that  $1,000  might  be  advantageously  appropriated. 

There  is  a  light-house  erected  at  the  entrance  to  the  harbor  on  the  head  of  the  west 
pier;  the  light  is  a^xed  white  light  of  the  fourth  order.  The  nearest  defensive  work 
is  Fort  Wayne,  below  Detroit,  80  miles  distant. 

Black  River  Harbor  is  in  the  collection-district  of  Cuyahoga.  The  amount  of  reve- 
nue collected  during  the  fiscal  year  ending  June  30,  1877,  $1,120.80.  Entrances  and 
clearances  duAng  the  fiscal  year  ending  June  30,  1877,  412  vessels;  tonnage  of  same, 
79,359  tons. 

The  following  statement  shows  the  amount  appropriated  in  each  year 
up  to  aud  including  1876 : 


1828 $7,500  00 

1830 8,559  77 

1831 9,275  00 

1832 8,000  00 

1833 2,400  00 

1834 5,000  00 

1835 4,400  00 

183(5 6,660  00 

1837 6,410  00 

1838 5,000  00 


1&52 $5,000  00 

1864 20,000  00 

1866 10,000  00 

1872 20,000  00 

1873 20,000  00 

1874 -20,000  00 

1875 10,000  00 

1876 6,000  00 


Total 174,204  77 


Money  statement. 

July  1,  1876,  amount  available $56  41 

Amount  appropriated  by  act  approved  August  14,  1876 6, 000  00 

6,056  41 
July  1,  1877,  amount  expended  during  fiscal  year 6, 003  52 

July  I,  1877,  amount  available 52  89 

Amonut  (estimated)  required  for  completion  of  existing  project 1,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.       1, 000  00 
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ANNUAL  REPORT  OF  LIEUTENANT  COLONEL  CHARLES  E. 
BLUNT,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  1877. 

United  States  Engineer  Office, 

Buffalo,  IT.  F.,  July  12,  1877. 

General  :  I  have  the  honor  to  transmit  herewith  my  reports  of  opera- 
tions at  the  harbors  of  Lake  Erie  which  were  in  my  charge  during  the 
whole  of  the  fiscal  year  ending  June  30, 1877,  viz,  those  east  of  Black 
River,  Ohio. 

The  harbors  west  of  Cleveland  were  also  in  my  charge  up  to  Decem- 
ber 1,  1876,  on  which  date  I  transferred  them  to  Maj.  N.  Michler,  Corps 
of  Engineers. 

Very  respectfully,  your  obedient  servant, 

Chs.  E.  Blunt, 
Lieutenant-Colonel  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.A. 


FF  i. 

CONSTRUCTION  OF  BREAKWATER  IN  CLEVELAND  HARBOR,  OHIO. 

For  this  important  city  an  exterior  harbor  has  been  projected,  the  pres- 
ent harbor  room  in  the  narrow  channels  of  the  Cuyahoga  River  being  very 
limited.  The  new  work  will  be  a  breakwater,  starting  from  the  lake 
shore  at  a  point  about  700  feet  west  of  the  end  of  the  old  channel  of  the 
Cuyahoga,  extending  northerly  into  the  lake  to  the  5  fathom  curve ; 
thence  eastwardly  nearly  parallel  to  the  shore-line  to  a  point  on  the  pro- 
longation of  the  line  of  the  old  west  pier,  which  will  be  extended  so  as 
to  leave  an  entrance  300  feet  wide  between  its  extremity  and  that  of  the 
new  work.  A  safe  inclosed  harbor,  with  ample  room  for  shipping  and 
wharves,  will  thus  be  formed.  The  estimated  cost  of  this  work,  as  ap- 
proved, is  $1,800,000.  Two  appropriations  have  been  made :  $50,000  by 
act  of  March  3,  1875,  and  $50,000  by  act  of  August  14,  1876.  At  the 
date  of  last  year's  report  work  was  going  on  (under  contract  previously 
made)  at  the  pile  pier  which  forms  the  shore  end  of  the  breakwater. 

Since  that  date  the  remainder  of  the  pile  pier  (667  feet)  has  been  com- 
pleted and  riprapped  on  both  sides  with  heavy  stone,  in  accordance  with 
the  plans.  Besides  this,  three  cribs  (each  50  feet  long)  have  been  sunk 
on  the  prescribed  foundation  of  rubble-stone,  filled  with  stone,  and  rip- 
rapped.  The  superstructure  ot  the  inner  of  these  cribs  has  been  fin- 
ished, and  that  of  the  other  two  partially  built  and  filled  with  stone,  and 
one  of  them  temporarily  decked  over.  The  outer  one  is  loaded  with 
heavy  blocks  of  riprap  stone  to  protect  it  from  ice. 
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Eleven  hundred  and  fifty  running  feet  of  the  breakwater  are  thus 
nearly  finished. 

New  proposals  having  been  invited  by  advertisement  for  continuation 
of  the  work,  those  received  were  opened  May  7, 1877,  and  the  contracts 
were  awarded  to  the  lowest  bidders,  Messrs.  Farris  &  Garfield,  of  Paines- 
ville,  Ohio,  and  Mr.  W.  H.  McOurdy,  of  Cleveland,  Ohio — the  latter  for 
the  iron. 

Under  these  contracts  it  is  proposed  to  extend  the  breakwater  300  feet 
during  the  coming  year. 

An  improvement  of  the  magnitude  of  this  at  Cleveland  should  be 
pushed  to  completion  as  rapidly  as  possible.  Due  regard  to  economy  of 
construction  is  of  itself  a  sufficient  argument  for  annual  appropriations 
much  larger  than  those  of  the  last  two  years,  ($50,000  each.)  Two  hun- 
dred thousand  dollars  are  asked  for  as  the  next  allotment. 

Amount  required  for  completion  of  project,  $1,700,000  ;  amount  that  can  be  profitably 
expended  during  the  next  fiscal  year,  $200,000. 

Cleveland  Harbor,  Ohio,  is  in  the  collection-district  of  Cleveland.  The  main  light- 
house is  within  city  limits,  and  there  are  two  beacons  on  the  piers.  The  nearest  de- 
fensive work  is  Fort  Wayne,  below  Detroit,  110  miles  distant. 

Amount  of  revenue  collected  during  the  fiscal  year  ending  June  30, 1877,  $106,046.58. 

Entrances  and  clearances  during  the  fiscal  year  ending  June  30, 1877,4,987 ;  tonnage 
of  same,  2,291,356  tons. 

Abstract  of  contracts. 

Contract  with  Farris  &  Garfield,  of  Painesville,  Ohio,  for  furnishing  material  and 
labor  for  the  construction  of  a  section  of  breakwater,  dated  May  23, 1877,  expires  Sep- 
tember 30, 1878. 

Contract  with  W.  H.  McCurdy,  of  Cleveland,  Ohio,  for  furnishing  iror  material  for 
construction  of  a  section  of  breakwater,  dated  May  23,  1877,  expires  August  1,  1877. 

Abstract  of  contracts  for  each  class  of  material  and  labor. 

1.  Pine  timber  and  lumber,  per  thousand  feet,  board-measure $18  25 

2.  Hemlock  timber  and  lumber,  per  thousand  feet,  board- measure 18  25 

3.  Rubble-stone,  per  cord 4  45 

4.  Block-stone,  per  ton 1  20 

Contract  dated  May  23, 1877 : 

Cents. 

1.  Screws  and  washer-bolts,  per  pound 3 

2.  Drift-bolts l^r 

3.  Spikes 2-flfo 

Money  statement 

July  1, 1876,  amount  available $33,426  26 

Amount  appropriated  by  act  approved  August  14, 1876 50, 000  00 

83,426  26 
July  1,  1877,  amount  expended  during  fiscal  year 48, 152  98 

■ 

July  1, 1877,  amount  available .• 35,273  28 

Amount  (estimated)  required  for  completion  of  existing  project 1, 700, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1879,  for  continuing  breakwater  and  for  incidental  repairs  of  harbor.. .      200, 000  00 


FF  2. 

REPAIRS  OF  EAST  PIER,  CLEVELAND  HARBOR,  OHIO. 

The  two  piers  at  the  month  of  the  Cuyahoga  River  constitute  the  orig- 
inal improvement  of  this  harbor.  Their  inner  or  land  ends,  being  backed 
by  made  land,  are  no  longer  of  much  importance  as  piers.  The  inner 
end  of  the  original  east  pier,  south  of  the  masonry  foundation  formerly 
occupied  by  the  beacon,  is  now,  and  has  been  for  many  years,  nothing 
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more  thau  a  revetment,  back  of  which  are  railroad  tracks  and  buildings. 
One  railroad  company  iu  particular  (the  Cleveland  and  Pittsburgh)  has 
for  many  years  made  use  of  the  pier  (or  revetment)  in  such  a  way  that 
repairs  by  the  United  States  were  scarcely  practicable.  This  portion  of 
the  pier  has  consequently  not  been  considered  in  expeudiug  appropria- 
tions. The  outer  portion,  north  of  the  old  beacon  foundation,  was 
thoroughly  repaired  in  1874-75;  this  outer  portion  being  really  the 
only  east  pier  proper. 

In  consequence  of  too  deep  dredging  close  to  the  pier  by  contractors 
employed  by  the  city,  and,  in  addition,  the  improper  use  of  the  iron 
snubbing-posts  by  vessels,  the  stone  face  of  the  pier  was  loosened  ami 
finally  a  breach  was  caused.  This  breach  in  uo  way  endangered  the 
harbor  or  chaunel,  for  it  was  quite  impossible  that  the  lake  could  ever 
break  through  from  the  east,  but  representations  were  made  that  there 
teas  danger  from  that  cause,  and  an  appropriation  of  $8,000  was  made  in 
the  river  and  harbor  bill  which  became  law  August  14, 1876,  for  "  the 
repair  of  this  east  pier." 

The  Secretary  of  War  was  at  the  same  time  authorized  to  make  an 
agreement  with  theClevelaud  and  Pittsburgh  Railroad  Company  lor  the 
future  use  and  occupancy  of  the  pier  by  that  road  upon  reasonable  and 
just  conditions. 

A  com  mission  was  constituted  by  the  President,  composed  of  the  col- 
lector of  custom?,  the  district  attorney  at  Cleveland,  aud  the  engineer 
officer  in  charge  of  the  harbor,  who  drew  up  au  agreement  which  was 
approved  by  the  Secretary  of  War. 

By  this  agreemeut  the  sum  appropriated,  or  as  much  of  it  as  necessary, 
is  to  be  expended  in  repairing  the  pier,  and  the  railroad  company  is  to 
be  permitted  to  use  it  for  the  future,  right  of  way  to  the  outer  or  lake 
end  being  reserved  to  the  United  States,  and  the  company  to  keep  it  iu 
order  hereafter. 

Under  this  agreement  repairs  were  commenced  in  April,  aud  are  now 
well  advanced.  They  will  be  completed  in  July.  A  substantial  pile- 
work  capped  with  timber,  and  connected  with  brace  pile  in  rear  along 
400  fe^t  of  the  face  of  the  original  pier,  is  the  maiu  feature  of  the  work. 

No  additional  appropriation  is  required. 

Money  statement. 

Amount  appropriated  by  act  approved  August  14,  1876 $8,000  00 

July  1,  1877,  amount  expended  during  fiscal  year 4, 495  75 

July  1, 1877,  amount  available 3,504  25 


FF3. 
IMPROVEMENT  OF  FAIRPORT  HARBOR,  OHIO. 

The  appropriations  for  this  harbor  (the  mouth  of  Grand  River,  Ohio) 
from  1825  to  1876,  inclusive,  have  amouuted  to  $209,670.18,  and  have 
been  expended  in  the  construction,  extension,  and  repair  of  two  en- 
trance-piers, aud  in  dredging. 

The  appropriation  of  August  14,  1876,  was  $5,000.  It  has  been  ap- 
plied during  the  year  as  follows :  The  old  west  pier,  built  iu  1828,  which 
was  practically  destroyed  above  the  water,  has  beeu  repaired  for  a 
length  of  448  feet  south  of  the  inner  end  of  the  new  west  pier,  by  putting 
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in  new  timber  and  filling  with  stone  to  a  height  of  2  feet  6  inches  above 
the  water. 

Inside  of  the  pier  a  line  of  piling,  capped  by  timber  and  backed  by 
sheet- plan  king,  has  been  constructed  to  prevent  the  sea  from  breaking 
into  the  river  during  severe  storms,  and  also  to  keep  out  the  sand,  which 
has  heretofore  drifted  into  the  channel  in  large  quantities. 

About  five-eighths  of  this  sand  has  been  removed  from  the  channel  in 
front  of  the  old  pier. 

A  catch-sand  fence,  4  feet  in  height  above  the  decking,  and  598  feet 
long,  has  been  built  along  the  inner  line  of  the  new  portion  of  the  west 
pier  to  preveut  the  sand  from  blowing  over  the  pier  into  the  channel. 
The  accretion  of  beach  on  the  west  side  of  the  pier  is  extraordinary.  It 
has  filled  up  to  a  level  with  the  top  of  the  pier  for  several  hundred  feet, 
so  that  saud  has  been  blowing  over  in  considerable  quantities. 

These  operations  were  commenced  last  fall,  as  soon  as  the  appropria- 
tion was  made  available,  aud  contiuued  until  stopped  by  the  weather. 
They  were  resumed  in  April,  and  suspended  on  the  20th  of  June,  the 
funds  having  been  exhausted. 

The  southern  end  of  the  old  west  pier  has  almost  wholly  disappeared, 
but  as  it  is  backed  by  solid  grouud  over  which  the  sea  never  flows,  I  do 
not  consider  its  rebuilding  a  necessity,  and  make  no  estimate  for  it.  If, 
however,  the  full  amount  of  last  year's  estimate  ($8,000)  had  been 
granted  it  could  have  been  well  expended  on  the  line  of  the  pier  which 
is  still  useful,  and  in  removing  the  remainder  of  the  sand  in  the  chanuel 
in  front  of  it. 

The  bar  at  the  entrance  of  the  river  was  not  removed  by  the  spring 
freshets  this  year.  Its  position  shows  clearly  to  my  mind  that  an  exten- 
sion of  the  east  pier  (referred  to  in  previous  reports)  would  cause  its 
removal,  for  which,  otherwise,  dredging  must  be  resorted  to. 

The  superstructure  of  the  east  pier  is  rapidly  decaying,  and  there  is 
no  doubt  that  in  a  year  it  will  need  considerable  renewal  and  the  replac- 
ing of  lost  stone. 

For  these  objects  an  appropriation  of  $5,000  is  needed,  and  no  more 
will,  it  is  hoped,  be  required  until  it  shall  be  decided  to  extend  the  east 
•pier. 

Fairport  Harbor,  Ohio,  is  in  the  collection-district  of  Cuyahoga.  There  is  a  stone 
(lake  coast)  light-house  on  the  east  side,  and  a  new  beacon  on  the  end  of  the  east  pier. 
Fort  Wayne,  130  miles  west,  is  the  nearest  defensive  work. 

Amount  of  revenue  collected  daring  the  fiscal  year  ending  June  30, 1877,  $27.40. 

Entrances  and  clearances  during  the  fiscal  year  ending  June  30,  1877,  65;  tonnage 
of  same,  7,983  tons.  4 

Money  statement. 

July  1,  1876,  amount  available $2,421  43 

Amount  appropriated  by  act  approved  August  14,  1H76 5,000  00 

7,421  43 
July  1, 1877,  amount  expended  during  fiscal  year 7,415  95 

July  1,  1877,  amount  available 5  48 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.     5, 000  00 
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FF  4. 

IMPROVEMENT  OF  ASHTABULA  HARBOR,  OHIO. 

The  improvements  at  this  harbor  have  been  the  construction,  repair, 
and  extension  of  two  parallel  piers,  and  deepening  and  widening  the 
channel  by  blasting  aud  removing  rock,  and  dredging.  The  total 
amount  appropriated  from  1826  to  1876  has  been  $268,902.11. 

The  only  operations  during  t'ie  past  year  were  carried  on  during  the 
fall  of  1876.  A  severe  gale  early  in  September  damaged  the  older  por- 
tion of  the  west  pier,  and  the  injuries  being  such  as  to  require  immediate 
repair,  the  work  was  taken  in  hand  without  delay,  without  advertise* 
ment  or  contract,  and  completed  in  November. 

Early  in  October  another  gale  paused  an  accumulation  of  sand  across 
the  entrance  to  the  harbor,  causing  a  serious  obstruction  to  vessels.  As 
contract  after  advertisement  would  have  involved  a  delay  injurious  to 
commerce,  this  bar  was  removed  by  dredging  as  soon  as  possible,  a 
dredge  owned  at  the  harbor  being  employed  at  current  prices. 

The  appropriation  of  $5,000  ot  August  14, 1876,  was  not  made  avail- 
able for  expenditure  until  the  spring  of  1877.  It  is  proposed  to  expend 
a  part  of  it  during  the  remainder  of  this  season  in  building  a  western 
pier-head,  as  stated  in  my  report  for  1876.  This  work  has  been  con- 
tracted for.  The  balance  will  be  available  for  the  removal  of  such  sand- 
bars as  may  form  at  the  entrance  during  the  present  and  the  next 
season  of  navigation.  The  action  of  the  lake  at  the  mouth  of  this  har- 
bor being  somewhat  peculiar,  it  is  not  yetcertaiu  that  both  piers  should 
uot  be  further  extended.     No  estimate  for  this  can  be  made  at  present. 

As  the  recent  inspection  of  the  piers  showed  the  probable  uecessity 
ef  repairs  of  the  older  portion  within  a  year,  an  appropriation  of  $5,000 
is  asked  for  this  purpose,  and  for  the  removal  of  saud-bars. 

Quite  an  active  trade  has  grown  up  at  this  harbor,  the  receipts  by 
lake  being  principally  iron-ore,  limestone,  and  lumber,  and  the  ship- 
ments coal,  which  is  delivered  at  the  harbor  by  a  recently  constructed 
railroad. 

Ashtabula  Harbor,  Ohio,  is  iu  the  collection-district  of  Cuyahoga.  It  ha9  a  new 
beac<<n  on  the  west  pier.  Forts  Wayne  and  Niagara  are  about  equally  distant,  the 
first  west,  and  the  second  east,  150  miles. 

Amount  of  revenue  collected  during  rhe  fiscal  year  ending  June  30,  1877,  $404.35. 

Entrances  aud  clearances  during  the  fiscal  year  ending  Juue  30, 1877,  583  ;  tonnage 
of  jBanie,  312,295  tons. 

Abstract  of  contracts. 

Contract  with  Charles  H.  Strong,  of  Cleveland,  Ohio,  for  furnishing  material  and 
labor,  except  iron,  for  the  exteusiou  of  the  west  pier,  dated  July  5,  1877,  expires  De- 
cember 1,  1877. 

Contract  with  W.  H.  McCurdy,  of  Cleveland,  Ohio,  for  furnishing  ir  -n  material  for 
the  extension  of  west  pier,  dated  July  5,  1877,  expires  August  15,  1877. 

Contract  dated  July  5,  1877 : 

1.  Pine  timber  and  lumber,  per  M  feet,  board  measure  $23  00 

2.  Hemlock  timber  and.  lumber,  per  M  feet,  board  measure 20  50 

3.  Stoce,  per  cord 5  00 

Contract  dated  July  5,  1877 : 

1.  Screw-bolts,  per  pound ^ 3  cents. 

2.  Drift-bolts,  per  pound ,. 1.85  cent*. 

3.  Spikes,  per  pound : 2.8  cents 
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Money  statement 

July  1,  1876,  amount  available $14,623  85 

Amount  appropriated  by  act  approved  August  14,  1876 5,000  00 

19,623  85 
July  1,  1877,  amount  expended  during  fiscal  year 13,039  69 

July  1,  1877,  amount  available 6,584  16 

Amount  (estimated)  required  for  completion  of  existing  project 5,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  lt79.       5, 000  00 


FF  5. 

IMPROVEMENT  OF  CONNEAUT  HARBOR,  OHIO. 

The  total  appropriations  for  this  harbor  from  1829  to  1876  were 
$106,219.39.  The  project  for  improvement  was  completed  in  1871. 
This  project  included  the  construction  of  two  parallel  piers  only.  No 
dredging  has  been  done,  the  depth  of  water  in  the  channel  (8  feet)  being 
ample  for  the  commerce  of  the  place. 

Some  very  slight  repairs  were  made  on  the  west  pier  in  May,  1877. 
Everything  is  now  in  fair  condition,  aud  no  further  appropriations  will 
be  asked  uutil  decay  of  timber  reuders  considerable  repairs  necessary. 

Conneaut  is  in  the  collection-district  of  Cuyahoga,  Ohio.  There  is  a  beacon  with 
sixth-order  light  on  the  end  of  the  west  pier.  The  nearest  fort  is  Niagara,  at  the 
entrance  of  Niagara  River  into  Lake  Ontario,  135  miles  distant. 

Amount  of  revenue  collected  during  the  fiscal  year  ending  Jnue  30,  1877,  $57.40. 

Entrances  and  clearances  during  the  fiscal  year  ending  June  30, 1877,24  ;  tonnage  of 
same,  1,297  tons. 

Money  statement 

July  1,1876,  amount  available $68  45 

July  1, 1877,  amount  expended  during  fiscal  year 14  95 

July  1, 1877, amount  available 53  50 


FF6. 

IMPROVEMENT  OF  ERIE  HARBOR,  PENNSYLVANIA. 

The  appropriations  and  allotments  for  this  harbor  from  1824  to  1876, 
inclusive,  amount  to  $503,941.43.  These  sums  have  been  expended  in 
the  construction,  rebuilding,  and  repairs  of  piers  and  breakwaters,  in 
diedging,  and  in  various  devices  for  shore  protection. 

'1  he  appropriation  made  by  act  of  August  14,  1876,  was  $40,000,  of 
which  $25,000  is  still  undrawn  from  the  Treasury.  It  will,  however,  be 
required  for  expenditure  during  the  remainder  of  the  preseut  aud  next 
season. 

The  balance  remaining  on  hand  last  year,  with  part  of  the  $15,000 
which  has  been  since  drawn  from  the  Treasury,  has  been  expended  dur- 
ing the  present  year,  as  follows  :  Iu  rebuilding  415  ruuuing  i'eet  more  of 
the  north  pier. 

In  adding  to  the  catch-sand  fence  on  the  neck  of  the  peninsula,  a 
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lepgth  of  (299  +  1,162  =)  1,461  feet.  Tbe  whole  length  of  this  fence 
is  now  5,997  feet,  of  which  4,663  feet  is  in  a  continous  line.  It  is  very 
effective  in  checking  the  action  of  the  lake  upon  the  beach,  and  the 
portion  of  the  peninsula  which  it  protects  may  now  be  considered  out 
of  danger  from  storms.  The  eastern  terminus  of  the  longer  line  is  now 
at  a  poiu/  where  the  beach  begins  to  widen,  and  little  immediate  danger 
to  the  harbor  is  to  be  apprehended  from  the  lake  action  farther  east. 
Still  this  beach  is  steadily  weariug  away,  and  should  be  watched.  I 
repeat  my  opiuiou  of  last  year  that  money  should  always  be  available 
for  beach  protection. 

A  comparison  of  the  last  with  previous  surveys  shows  that  the  main 
bod}*  of  the  peninsula  is  increasing  in  size  by  the  accumulation,  on  the 
extreme  eastern  beach,  of  the  sand  which  is  removed  from  the  "  neck.'7 
Much  sand  continues  farther  on,  and  has  a  tendency  to  form  a  bar  out- 
side the  channel-entrance  piers. 

Dredging  has  been  carried  on  during  the  year  upon  this  bar  and  in 
the  channel  in  the  bay,  inside  the  piers,  and  is  still  in  progress.  This 
inner  artificial  channel  is  similarly  situated  to  those  at  Sandusky  and 
Toledo,  and  like  them  will  partially  fill  up  and  require  partial  dredging 
every  year.  This  year's  experience  is  clearly  in  this  direction.  If  neg- 
lected for  five  years  it  is  probable  that  it  would  entirely  fill  up  to  the 
general  level  of  the  bottom  of  the  bay.  Twenty-eight  thousand  five 
hundred  and  ninety-four  cubic  yards  have  been  removed  during  the 
year. 

The  north  spit  protection,  built  in  1874-'75,  iu  accordance  with  the 
plans  of  a  special  Board  of  Engineers,  has  not  been  as  effective  as  was 
hoped  in  checking  the  action  of  the  lake  during  storms  upon  this  part 
of  the  bench.  I  am  inclined  to  think  that  an  extension  of  the  catch- 
sand  fence  adopted  for  the  peninsula  would  be  useful  here.  The  old 
inner  breakwater,  built  many  years  ago,  of  which  I  have  already  re- 
paired 500  feet,  with  favorable  results,  should,  I  think,  be  further  rebuilt. 
(See  annual  report  for  1876.) 

The  funds  available  July  1  will  be  expended  in  rebuilding  not  less 
than  300  feet  of  the  old  north  pier,  in  channel  dredging,  and  in  such 
beach  protection  as  may  be  found  necessary  during  the  coming  year. 

It  is  not  possible  to  make  an  estimate  for  the  permanent  completion 
of  the  improvements  at  this  harbor. 

The  items  of  shore  protection  and  of  dredging  will  continue  to  be  un- 
certain, and  the  old  south  pier  and  breakwater  will  eventually  need 
considerable  reuewal. 

The  item  of  south  pier  extension,  a  work  which  I  consider  very  desir- 
able, I  estimate  for  as  before  at  $78,000.  To  rebuild  the  old  breakwater 
on  the  bay  side  of  the  north  spit  will  cost,  as  I  now  estimate,  (1,300 
feet,  at  $9,  $11,700,  say)  $12,000.  This  I  also  think  important.  I  have 
referred  to  it  in  previous  reports. 

For  repairs  of  north  pier  beyond  the  point  to  which  will  extend  the 
repairs  to  be  made  this  season,  I  estimate,  300  feet,  at  $30,  $9,000.  For 
additional  catch  sand  fence  there  should  be  not  less  than  $10,000  avail- 
able. 

If  the  channel  continues  to  fill  up  as  it  has  during  the  past  year 
$10,000  will  be  needed  for  additional  dredging. 

The  above  items  make  in  all  $119,000  as  a  provisional  estimate  for 
completion.  The  works  could  be  most  economically  carried  on  if  that 
sum  were  appropriated  at  once.  However,  the  south  pier  extension, 
though  very  desirable,  as  it  would  probably  do  away  with  the  necessity 
of  considerable  dredging,  is  not  an  absolutely  necessary  immediate  im- 
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provement,  and  I  consequently  deduct  its  cost  from  the  amount  Tre- 
quest  as  the  next  appropriation,  reducing  it  to  $41,000,  to  be  expended 
on  the  other  items  mentioned. 

Erie  Harbor,  Pennsylvania,  is  in  collection-district  of  Erie,  Pa.  Seven  lights  of 
various  orders  mark  the  harbor  and  channels.  The  nearest  defensive  work  is  Fort 
Niagara,  at  the  mouth  of  Niagara  River,  120  miles  distant.  a 

Amount  of  reveune  collected  duriug  the  fiscal  year  ending  June  30, 1877,  $37,843.51. 

Entrances  and  clearances  during  the  fiscal  year  ending  June  30,  1877,  1,450;  ton- 
nage of  same,  848,472. 

Abstract  of  contract. 

Contract  with  O.  J.  Jennings,  of  Dunkirk,  N.  Y.,  dated  April  30,  1877,  expires  Sep- 
tember :->0, 1878  for  supplying  one  or  two  steam-dredges,  with  two  dump- scows,  and 
one  steam-tug  to  each  dredge,  with  crews,  machinery,  and  all  necessary  equipment 
complete,  at  $5.44  per  hour  for  each  dredge  and  equipment. 

Money  statement 

July  1,  1876,  amount  available $25,011  06 

Amount  appropriated  by  act  approved  August  14, 1S76 40, 000  00 

$65,011  06 

July  1,  1877,  amount  expended  during  fiscal  year 36,300  98 

July  1,  1877,  outstanding  liabilities 188  22 

" 36, 489  20 

July  1,  1877,  amount  available 28,521  86 

Amount  (estimated)  required  for  completion  of  existing  project 119,000  00 

Amount  that  can  be  profitably  expended  iu  fiscal  year  ending  June  30, 1879.       41, 000  00 


FF  7. 

IMPROVEMENT  OF  DUNKIRK  HARBOR,  NEW  YORK. 

The  appropriations  for  this  harbor  from  1827  to  1876, inclusive,  amount 
to  $427,343.93.  They  have  been  expended  in  the  construction,  recon- 
struction, and  repair  of  a  west  pier,  and  a  breakwater,  aud  in  blasting 
and  dredging  in  the  channel. 

The^estimate  of  1873,  for  the  project  now  under  construction,  was 
$275,000.  Of  this  there  h;is  been  appropriated  $88,000,  the  last  appro- 
priation, August  14,  1876,  being  $18,000. 

During  the  past  year  the  work  of  blasting  and  dredging  in  the  chan- 
nel has  been  completed,  under  the  contract  made  with  Messrs.  Case  & 
Jenniugs,  June  15, 1876,  payment  for  which  exhausted  the  appropriation 
of  1875. 

The  channel  is  now  believed  to  be  in  good  condition,  with  a  width  of 
170  feet,  and  low-water  depth  of  13.  It  has  been  a  tedious  and  expen- 
sive operation,  owing  to  the  peculiar  character  of  the  rock  stratum, 
which  it  was  very  difficult  to  break  up  into  masses  small  enough  for  the 
dredge  to  handle. 

Early  iu  December,  1876,  the  old  west  pier  was  damaged  by  the  sea 
during  a  severe  gale,  and  it  being  very  important  that  it  should  be  re- 
paired without  delay,  an  allotment  of  $2,500  from  the  appropriation  of 
August  14,  1876,  was  made  for  that  purpose. 

The  repairs  were  immediately  taken  iu  hand,  and  were  completed  in 
February. 

As  the  balance  of  the  appropriation  ($15,500)  was  not  available  for 
expenditure  till  late  last  spring,  nothing  more  has  been  done  during  the 
year. 
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As  soon  as  this  sum  became  available,  however,  preparations  were 
made  for  its  expenditure  this  year,  and  after  advertisement,  and  open- 
ing of  proposals,  according  to  law,  on  the  19th  of  Jane,  contract  was 
made  with  Orville  J.  Jennings,  of  Dunkirk,  for  the  extension  of  the 
breakwater. 

It  is  hoped  that  under  this  contract  250  feet  cau  be  built  during  the 
coming  year. 

The  breakwater  is  now  940  feet  long.  To  extend  it  to  the  so-called 
east  channel  (see  my  previous  report)  would  involve  an  additional  con- 
struction of  (2,750 — 250  =)  2,500  feet  of  work,  which,  if  the  present  low 
prices  continue,  could  be  built  for  $150,000. 

But  1  feel  bound  to  renew  the  opinion  expressed  in  my  reports  for 
1875-'76,  that  this  extension  is  not  necessary.  In  my  report  for  1875,  I 
stated  that  1,000  feet  additional,  carrying  the  work  to  an  angle  in  the 
line,  would  be  ample  for  many  years  to  come. 

I  see  no  reason  for  changing  the  opinions  expressed  in  my  report  for 
1876  respecting  the  further  extension  of  this  work,  but  if  Congress 
decides  to  make  another  appropriation,  I  respectfully  suggest  that  it 
would  be  economical  to  have  sufficient  funds  to  carry  the  breakwater  to 
the  angle  510  feet  more.  Thirty-one  thousand  dollars  would  do  this,  at 
present  prices,  and  then  the  work  might  be  suspended  until  it  is  settled 
whether  the  wants  of  commerce  require  a  further  addition. 

Dunkirk  Harbor,  New  York,  is  in  the  collection-district  of  the  same  name.  A  light- 
house, a  lighted  beacon,  and  a  day  beacon,  mark  the  entrance.  Fort  Niagara,  New 
York,  is  the  nearest  defensive  work,  distant  70  miles. 

Amount  of  revenue  collected  during  the  fiscal  year  ending  June  30,  1877,  $266.48. 

Entrances  and  clearances  during  the  fiscal  year  ending  June  30, 1877,  107 ;  tonnage 
of  same,  21,131. 

Abstract  of  contracts. 

• 

Contract  with  Orville  J.  Jennings,  of  Dunkirk,  N.  Y.,  for  furnishing  material  and 
labor,  except  iron,  for  the  extension  of  the  breakwater,  dated  July  5,  1877,  expires 
June  30,  1878. 

Contract  with  William  H.  McCurdy.of  Cleveland,  Ohio,  for  furnishing  iron  material 
for  the  extension  of  breakwater,  dated  July  5,  1877,  expires  August  15,  1877. 

Contract  dated  July  5, 1877 : 

1.  Pine  timber  and  lumber,  per  1,000  feet,  board-measure $20  00 

2.  Hemlock  timber  and  lumber,  per  1,000  feet,  board-measure 15  03 

3.  Oak  timber  and  lumber,  per  1,000  feet,  board-measure 23  00 

4.  Skjne,  per  cord 4  50 

Contract  dated  July  5, 1877 : 

1.  Screw  and  washer  bolts,  per  pound 3  cents. 

2.  Drift-bolts,  per  pound 1.85  cents. 

3.  Spikes,  per  pound 2. 8  cents. 

Money  statement. 

July  1,  1876,  amount  available * $22,550  74 

Amount  appropriated  by  act  approved  August  14,  1876 18, 000  00 

40, 550  74 
July  1, 1877,  amount  expended  during  fiscal  year 24,846  12 

July  1,  1877,  amount  available 15,704  62 

Amount  (estimated)  required  for  completion  of  existing  project 31,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.  31, 000  00 
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F  F  8. 

IMPROVEMENT  OF  BUFFALO  HARBOR,  NEW  YORK. 

The  amount  appropriated  for  tbis  harbor  up  to  1866,  inclusive,  was 
$435,643.05,  which  was  expended  in  building,  repairing,  aud  extending 
two  piers  at  the  mouth  of  Buffalo  Creek,  (thus  forming  within  the  pres- 
ent limited  harbor,)  in  dredgiug  the  channel,  and  in  constructing  a  ma- 
sonry sea- wall  to  protect  the  south  beach  from  the  action  of  the  lake. 

Since  1866  the  sums  appropriated,  amounting  up  to  1876,  inclusive, 
to  $814,405.04,  have  been  mainly  expeuded  in  the  construction  of  a  uew 
breakwater.  The  old  piers  aud  tbe  channel  entrance  have  also  been 
k,ept  in  order  during  this  period,  and  will  require  yearly  attention  here- 
after, though  a'ter  the  completion  of  the  break-water  and  the  formation 
of  the  exterior  harbor  they  will  not  be  of  as  much  importance  as  here- 
tofore. 

Although  the  breakwater  has  been  under  construction  since  1866,  the 
final  project  was  not  decided  upon  until  1874,  when  the  report  of  the 
Board  of  Engineers  was  submitted  and  approved.  It  will  be  found  iu 
the  Annual  Report  of  the  Chief  of  Engineers  for  1876,  Part  II,  page  569. 

The  appropriation  of  August  14,  1876,  was  only  $85,000.  An  allot- 
ment of  $45,000  was  made,  which  has  been  expended  during  the  year, 
as  follows : 

1st.  The  excavation  by  deep-water  dredging  of  the  trench  prescribed 
by  the  Board  of  Engineers  for  the  breakwater- foundation,  and  filling  it 
with  gravel  and  stone  as  a  solid  bed  for  the  cribs.  One  hundred  and 
seventy-five  feet  of  trench  were  thus  dug  aud  filled. 

2d.  The  building,  sinking,  and  filling  with  stone  of  three  cribs,  each 
50  feet  long,  the  building  of  the  superstructure  upon  them  and  upon  the 
last  crib  sunk  in  1876.  This  finishes  the  breakwater  to  a  point  2,924  feet 
from  its  northern  extremity. 

3d.  Renewiug  deck-timbers  and  planking  of  portions  of  the  break- 
water damaged  by  ice,  logs,  &c,  during  the  winter  of  1876-'77,  and  re- 
filling with  stone  sections  of  the  work  which  lost  it  by  settlement  or 
washing  out  bjt  tbe  sea. 

4th.  Retilliug  with  stone  of  portions  of  the  pile-pier,  which  will  close 
the  harbor  at  the  south  end. 

Although  considerable  sand  has  accumulated  outside  the  old  piers,  it 
has  caused  no  obstructions  to  vessels  during  the  year,  and  no  dredgiug 
has  been  deemed  necessary  in  that  locality. 

Up  to  this  time  there  has  been  no  marked  accretion  of  sand  on  the 
south  side  of  the  pile-pier,  and  I  still  hold  the  opinion  on  that  point 
expressed  in  my  last  report. 

In  addition  to  the  items  just  mentioned*  minor  repairs  have  been 
made  to  the  old  north  and  south  piers. 

There  is  still  in  the  Treasury  $40,000  of  the  appropriation  of  August 
14,  1876.  It  is  expected  that  with  this  amount  the  breakwater  can  be 
extended  150  feet  in  1877-'78.  Proposals  for  this  will  be  opened  accord- 
ing to  advertisement  on  the  12th  of  July,  1877,  and  contract  made  with 
the  lowest  responsible  bidder. 

The  cost  of  completing  the  project  for  this  harbor  beiug  estimated  at 
$2,000,000,  it  would  require  a  generation  to  fiuish  it  at  the  rate  of  pre- 
vious appropriations.  It  is  deemed  much  more  economical  to  progress 
more  rapidly,  and  $200,000  is  the  least  sum  which  I  think  it  advisable 
to  ask  for  uext  year. 
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The  position  which  Buffalo  occupies  as  a  commercial  city  is  so  well 
known,  that  it  is  not  necessary  to  enter  into  the  details  of  its  business. 

Am  on  nt  required  for  entire  completion  of  breakwater,  $1,815,000. 

Amount  that  can  be  profitably  expended  during  the  next  fiscal  year,  $200,000. 

Buffalo  Harbor,  New  York,  is  in  the  collection-district  of  Buffalo  Creek,  New  York. 
The  nearest  defensive  work  is  Fort  Niagara,  New  York,  at  the  entrance  of  the  Niagara 
River  into  Lake  Ontario,  26  miles  distant.  There  are  three  lights,  as  guides,  for  the 
harbor. 

Amount  of  revenue  collected  during  the  fiscal  year  ending  June  30, 1877,  $295,347.72. 

Entrances  and  clearances  during  the  fiscal  year  ending  June  30, 1877, 4,772.  Tonnage 
of  same,  2,699,005  tons. 

Money  statement 

July  1, 1876,  amount  available $10  04 

Amount  appropriated  by  act  approved  August  14, 1876 85,000  00 

$85, 010  04 

July  1, 1877,  amount  expended  during  fiscal  year 44,994  17 

July  1,  1877,  outstanding  liabilities 3,493  50 

48, 487  67 

July  1,1877,  amount  available 36,522  37 

Amount  (estimated)  required  for  completion  of  existing  project 1,815,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.     200, 000  00 
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ANNUAL  REPORT  OF  MAJOR  WALTER  McFARLAND,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30,  1877. 

United  States  Engineer  Office, 

Oswego,  JV.  ¥.,  July  28, 1877. 

General  :  I  have  the  honor  to  transmit  herewith  my  annual  reports 
upon  the  public  works  of  improvement  in  my  charge  for  the  fiscal  year 
ending  June  30, 1877. 

.Very  respectfully,  your  obedient  servant, 

Walter  McFarland, 

Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 
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IMPROVEMENT  OF  WILSON  HARBOR,  NEW  YORK, 

A  history  of  this  improvement  and  a  sketch  showing  its  condition  at 
the  close  of  the  last  fiscal  year  will  be  found  in  the  Report  of  the  Chief 
of  Engineers  for  the  fiscal  year  ending  June  30, 1876. 

lu  the  fall  of  1876  the  sea  breached  the  west  pier,  near  its  inner  end, 
making  an  opening  120  feet  broad,  through  which,  duriug  the  succeed- 
ing months,  sand  and  gravel  were  carried  by  the  action  of  the  sea  until 
the  harbor  was  entirely  closed,  and  upon  the  breaking  up  of  the  ice  and 
the  opening  of  navigation  in  the  spring,  a  bank  of  this  material  3£  feet 
above  the  lake-level  and  20  feet  wide  at  the  water-line  was  found  to 
have  formed  across  the  channel  from  pier  to  pier  where  there  had  pre- 
viously been  a  depth  of  10  feet,  completely  cutting  off  from  the  lake  the 
waters  of  Twelve-Mile  Creek,  the  mouth  of  which  forms  the  harbor  of 
Wilson. 

The  breach  thus  made  is  through  the  old  part  of  the  pier  built  many 
years  ago  by  private  enterprise,  before  any  effort  to  improve  this  harbor 
had  been  made  by  the  Government  of  the  United  States,  and  which, 
under  the  scheme  of  improvement  proposed  for  this  harbor,  it  was 
inteuded  to  rebuild. 

The  rebuilding  of  this  part  will  not  increase  the  cost  of  the  pier-work 
beyond  the  amount  originally  estimated  for  it,  as  the  removal  of  all  tbis 
old  work  was  regarded  as  necessary,  and  its  cost  was  included  in  the 
original  estimate.  '  But  the  large  amount  of  sand  and  gravel  which  has 
washed  into  and  filled  up  the  channel — amounting  to  more  than  20,000 
cnbic  yards — should  be  removed;  and  we  may  expect  that  the  removal 
of  this,  and  the  repair  of  other  damage  that  is  likely  to  occur  through 
the  action  of  the  sea  before  the  breach  iu  the  west  pier  is  filled  up,  will 
cost  not  less  thau  $10,000,  and  the  origiual  estimate  will,  therefore,  be 
increased  by  this  amount. 
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No  money  was  available  for  the  prevention  of  this  damage  or  for  the 
prosecution  of  the  improvement  during  the  year,  and  no  work  has,  there- 
fore, been  done  upon  it. 

By  act  of  Congress,  approved  August  14, 1876,  the  sum  of  $10,000  was 
appropriated  for  the  improvement  of  this  harbor,  but  this  money  did  not 
become  available  until  May  1.  1877. 

On  the  28th  of  May  authority  was  given  to  apply  this  appropriation 
by  the  use  of  hired  labor  and  by  purchase  in  open  market  to  the  repair 
of  the  west  pier  and  to  dredging  the  channel.  Measures  were  imme- 
diately taken  for  beginuing  the  work,  but  the  necessary  material  was  not 
procured  until  after  the  close  of  the  fiscal  year. 

This  work  of  repair  will  be  completed  and  the  appropriation  will  be 
exhausted  before  the  close  of  the  present  working  season. 

Wilson  Harbor  is  in  the  collection-district  of  Niagara,  at  the  month  of  Twelve- 
Mile  Creek,  12  miles  east  of  the  mouth  of  Niagara  River,  and  6  miles  west  of  the  harbor 
of  Olcott,  where  is  situated  the  light-house  nearest  to  Wilsou  Harbor. 

The  following  statement  of  the  commerce  of  the  port  for  the  fiscal  year 
ending  June  30, 1877,  is  furnished  from  the  custom  house  records : 

Amount  of  revenue  collected $9  75 

Value  of  exports 1, 100  00 

No.  of  vessels  entered 15 

Their  tonnage,  tons 708 

No.  of  vessels  cleared 16 

Their  tonnage,  tons 749 

Value  of  imports  not  given. 

The  deputy  collector  states  also  that  there  were  shipped  from  this  port  before  its 
destruction,  and  not  reported : 

Bushels.  Value. 

Wheat 13,034    |14,f>04  72 

Barley 22,082      17,075  35 

Oats 711  228  64 

31,808  71 

Money  statement 

July  1, 1876,  amount  available $166  64 

Amount  appropriated  by  act  approved  August  14, 1876 10, 000  00 

10, 166  64 
July  1,  1877,  amount  expended  during  the  fiscal  year 148  19 

July  1,  1877,  amount  available 10,018  45 

Amount  (estimated)  required  for  completion  of  existing  project,  with  the 

additional  $10,000 called  for  in  this  report 80,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.     80, 000  00 


GG  2. 

IMPROVEMENT  OF  OLCOTT  HARBOR,  NEW  YORK. 

The  condition  of  this  work  is  the  same  as  it  was  at  the  close  of  the 
preceding  fiscal  year.  *     ' 

Its  history  and  a  sketch  of  ids  condition  at  that  time  will  be  fonnd  in 
the  Report  of  the  Chief  of  Engineers  for  the  fiscal  year  ending  June  30, 
1876. 

Nothing  bat  a  very  small  balance  was  available  for  the  prosecution 
of  the  improvement  at  the  beginning  of  the  year,  and  nothing  has  since 
been  appropriated  for  it.    Nothing  has,  therefore,  been  expended  upon  it. 
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As  stated  In  the  last  annual  report,  the  existing  project  of  improve- 
ment of  this  harbor  provides  for  the  extension  of  each  pier  about  100 
feet  farther  into  the  lake,  and  the  removal  of  2, GOO  cubic  yards  of  sand- 
stoue,  and  0,000  cubic  yards  of  sand,  clay  and  gravel  from  between  the 
piers,  and  2,500  cubic  yards  of  similar  material  from  the  inner  basin  or 
harbor,  and  the  estimated  cost  of  this  work  is  $10,000,  all  of  which  might 
be  profitably  expeuded  within  the  next  fiscal  year. 

Olcott  Harl>or  is  in  the  collection-district  of  Niasjarn,  at  the  mouth  of  Eighteen- 
Mile  Creek,  18  miles  eivxr.  of  the  mouth  of  Niagara  River  and  of  Fort  Niagara,  and  is 
lighted  by  a  nixth-order  light,  erecttd  near  the  head  of  the  west  pier. 

The  following  statement  of  its  commerce  is  taken  from  the  records  of 
the  custom  house: 

Revenue  collected  during  fiscal  year  ending  J uue  30,  1877 $161  35 

Value  of  imports 1,0(55  *25 

Value  of  exports 971  t>4 

Number  of  vessels  cleared 30 

Their  tonnage,  tons 1, 173 

Xniiilnsr  of  vessels  eutered '28 

Their  touuage,  tons 1, 127 

Money  statement. 

July  1,  1876,  amount  available $3,484  20 

July  I,  1877,  amount  expended  during  fiscal  year 3,421  00 

July  1,  1877,  amount  available 63  20 

Amount  (estimated)  required  for  completion  of  existing  uroj'ct 10,  000  00 

AuiuQut.  that  can  be  prolitably  expended  in  lineal  year  ending  Juue  30,  187U. .   10,  000  00 


GG3. 

IMPROVEMENT  OF  OAK  ORCHARD  HARBOR,  NEW  YORK. 

In  the  fall  of  the  past  year  a  breach  was  formed  by  the  sea  at  the 
shore  end  of  the  east  pier,  through  which  from  800  to  1,000  cubic  yards 
of  sand  and  gravel  from  the  outer  beach  have  been  washed  into  the 
<-banuel,  rendering  it  somewhat  crooked,  but  not  materially  reducing 
the  mid  channel  depth. 

In  other  respects  the  harbor  is  in  the  same  condition  as  at  the  close 
of  the  last  annual  report. 

The  history  of  this  harbor  and  a  sketch  of  its  condition  at  that  time 
will  be  found  in  the  Report  of  the  Chief  of  Engineers  for  the  fiscal  year 
ending  June  30, 1876. 

No  money  for  the  prosecution  of  this  improvement,  excepting  a  very 
small  balance,  was  available  at  the  beginning  of  this  fiscal  year,  and 
none  was  expended  except  in  office- work  relating  to  this  harbor. 

By  act  of  Congress  approved  August  14,  187G,  an  appropriation  of 
$2,000  was  made  for  the  improvement  of  this  harbor,  $800  of  which 
were  made  available  in  the  month  of  October,  but  the  amount  was  not 
large  enough  to  admit  of  the  proper  protection  of  the  east  pier  against 
the  action  of  the  sea. 

In  May  following,  the  remaining  $1,200  were  made  available,  and 
authority  was  given  to  carry  on  the  work  of  repair  by  the  employment 
of  hired  labor  aud  by  purchase  in  open  market. 

This  was  so  near  the  close  of  the  fiscal  year  that  nothing  could  be 
accomplished  during  the  little  time  that  remained. 

Since  the  close  of  the  year  arrangements  have  been  made  for  the  ex- 
penditure of  this  appropriation  in  the  repair  of  both  piers,  and  it  is 
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expected  that  this  will  be  accomplished  before  the  close  of  the  present 
working  season. 

The  work  still  remaining  to  be  done  at  this  harbor  is  the  repair  of  the 
piers  and  the  removal  of  the  sand  and  gravel  which  has  been  washed 
into  the  channel,  which  may  be  accomplished  for  the  amount  yet  unap- 
propriated of  the  original  estimate,  which  is  $4,000. 

Oak  Orchard  Harbor  lies  iu  the  collection-district  of  Genesee,  nearly  midway  between 
the  mouths  of  the  Genesee  and  the  Niagara  Rivers,  30  miles  distant  from  the  former 
and  about  45  miles  from  the  latter,  and  forms  the.otily  good  harbor  of  refuge  lying 
between  these  points.  It  is  lighted  by  a  fourth-order  light,  situated  at  the  outer  end  of 
the  west  pier. 

The  following  statemeut  of  its  commerce  is  furnished  by  the  records 
of  the  customhouse : 

Revenue  collected  during  the  fiscal  year  ending  June  30,  1877 $1,215  18 

Value  of  imports 14,0f»0  0T> 

Value  of  exports 51,503  55 

Number  of  vessels  cleared 3*2 

Their  tonnage,  tons 1,862 

Number  of  vessels  entered 31 

Their  tonnage,  tons 1,772 

A  large  number  of  vessels  took  refuge  here  from  storms  during  the 
year. 

Money  statement. 

July  1,  1876,  amount  available |234  64 

Amount  appropriated  by  act  approved  August  14,  1876 2,000  00 

2,234  64 
July  1, 1877,  amount  expended  during  fiscal  year 233  12 

July  1,  1877,  amount  available 2,001  52 

Amount  (estimated)  required  for  completion  of  existing  project 4,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endiug  June  30, 1879 . .     4, 000  00 


GG4. 

IMPROVEMENT  OF  CHARLOTTE  HARBOR,  NEW  YORK. 

A  little  less  than  $600  was  available  for  this  work  at  the  beginning 
of  the  fiscal  year,  and  nearly  all  of  this  has  been  expended;  the  work 
done  being  the  replacing  of  decayed  and  broken  plank  and  the  refilling 
of  piers  where  stone  had  been  washed  out. 

The  original  scheme  for  the  improvement  of  this  harbor  has  been  car- 
ried out,  and  no  more  money  is  likely  to  be  called  for,  excepting  so  much 
as  may  be  needed  for  making  repairs  from  time  to  time.  As  the  piers 
are  old,  their  superstructures  are  now  damaged  by  decay,  and  with  their 
decay  the  stone-tilling  is  washed  out,  and  it  is  probable  that  the  repair 
of  such  damage  as  this  will  require  $1,000  a  year  for  several  years  to 
come. 

Charlotte  Harbor  is  in  the  collection-district  of  Genesee,  and  is  the  port  of  the  city 
of  Rochester,  7  miles  distant. 

The  harbor  is  formed  by  the  mouth  of  the  Genesee  River. 

For  a  history  and  sketch  of  it  see  Eeport  of  the  Chief  of  Engineers 
for  the  fiscal  year  ending  June  30,  1876. 

The  following  statement  of  its  commerce  is  famished  from  the  records 
of  the  custom-house : 

Amount  of  revenue  collected  during  the  fiscal  year  ending  June  30, 1877 $23, 830  00 

Value  of  imports 157,068  00 

Value  of  exports 509,840  00 
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Nnmber  of  vessels  cleared 564 

Their  ton uage,  tons 116,388 

Number  of  vessels  entered 554 

Their  tonnage,  tons  116, 837 

Money  statement. 

July  1,  1876,  amonnt  available $597  86 

July  1,  1877,  amount  expended  during  fiscal  year 575  32 

July  1,  1877,  amount  available 22  54 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1879, 

iu  repairs 1,000  00 
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IMPROVEMENT  OF  PULTNEYVILLE  HARBOR,  NEW  YORK. 

Xo  working  balance  was  available  for  the  improvement  of  this  har- 
bor at  the  beginning  of  the  fiscal  year,  and  nothing  has  been  expended 
upon  it  except  in  office  work. 

By  act  of  Cougress  approved  August  14,  1876,  an  appropriation  of 
$3,000  was  made  for  this  harbor,  and  in  May  authority  was  given  to 
carry  on  the  work  of  improvement  by  purchase  in  open  market  and  em- 
ployment of  hired  labor.  But  it  was  too  late  to  accomplish  anything 
before  the  close  of  that  fiscal  year.  It  is  proposed  to  apply  this  money 
toward  closiug  the  opening  now  existing  between  tbe  inner  eud  of  the 
east  pier  and  the  shore,  and  to  the  repair  of  the  iuuer  part  of  the  west 
pier.     This  will  be  done  before<he  close  of  the  present  working-season. 

A  history  of  this  harbor,  and  a  sketch  of  its  condition,  will  be  found 
iu  the  Annual  Report  of  the  Chief  of  Engineers  for  the  fiscal  year  end- 
ing June  30,  1876. 

The  work  yet  remaining  to  be  done  is  the  complete  closure  of  the 
opening  between  the  east  pier  and  the  shore,  only  a  part  of  which  cau 
be  done  under  the  last  appropriation. 

To  finish  this  work  as  originally  proposed  will  require  an  appropria- 
tion of  $18,000,  an  increase  of  $9,000  over  the  unappropriated  balance 
of  the  original  estimate  for  this  harbor,  which  increase,  as  stated  in  the 
annual  report  for  the  fiscal  year  ending  June  30, 1875,  is  due  to  the  fact 
that  the  material  met  with  in  dredgiug  the  chaunel  was  harder  and 
more  difficult  to  remove  thau  had  been  anticipated,  and  the  cost  was, 
therefore,  much  greater  than  the  estimated  cost  as  given  iu  the  original 
scheme  of  improvement. 

Pultoeyville  Harbor  lies  in  the  collection-district  of  Gsnes^e,  about  40  miles  west  of 
Oswego,  and  a  little  over  20  miles  east  of  tbe  mouth  of  tbe  Geuesee  River.  The  near- 
est ligut-house  is  at  Great  Sodus  Bay,  about  12  miles  east  of  Puliney  ville. 

The  following  statement  of  tbe  commerce  of  the  port  is  furnished 
from  the  records  ot  the  custom-house  : 

Revenue  collected  during  the  fiscal  year  ending  June  30  1877 $666  41 

Value  of  import* 3,468  95 

Value  of  exports 1,838  24 

Number  of  vessels  cleared 46 

Their  tonnage,  tons 1, 091 

Number  of  vessels  entered 43 

Their  tonnage,  tons 1,456 
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Money  statement. 

July  1,  1876,  amount  available $126  56 

Amouut  appropriated  by  act  approved  August  14,  1876 3, 000  00 

3, 126  56 

July  1, 1877,  amount  expended  dnring  fiscal  year 87  12 

July  1,  1877,  amount  available 3,039  44 

Amount  (estimated)  required  for  completion  of  existing  project. 1H, ()()<)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879  18, 000  00 


GG6. 

IMPROVEMENT  OF  GREAT  SODUS  HARBOR,  NEW  YORK. 

A  history  of  this  improvement  and  a  sketch  of  its  condition  at  the 
close  of  the  last  fiscal  year  will  be  fouud  in  the  Annual  Keport  of  the 
Chief  of  Engineers  for  the  fiscal  year  ending  June  30, 1876: 

During  the  past  year  uothing  has  been  done  here  excepting  a  few  re- 
pairs upon  the  saud-catcher  and  upon  the  east  aud  west  piers,  and  noth- 
ing remains  to  be  done,  under  the  original  scheme  of  improvement,  but 
the  connection  of  the  inner  end  of  the  east  pier  with  the  shore. 

By  act  of  Congress  approved  August  14,  187(>,  the  sum  of  $5,000  was 
appropriated  for  the  improvement  of  this  haibor,  but  this  did  not  be- 
come available  until  May,  1877.  Authority  was  subsequently  given  to 
expetid  tuts  money  in  the  improvement  of  the  harbor  by  purchase  of 
material  in  open  market  aud  Unemployment  of  hired  labor,  but  so  lit- 
tle of  the  fiscal  year  then  remained  that  nothing  was  done  before  its 
close.  Since  then  arrangements  have  been  made  for  the  necessary  ma- 
terial and  labor,  and  it  is  expected  that  before  the  close  of  the  present 
working-season  all  the  money  available  will  have  been  applied  to  the 
repair  of  the  west  pier  and  the  building  of  an  additional  sand  catcher. 
A  quantity  of  sand  has  been  blown  into  the  channel  next  the  west  pier, 
which  must  eventually  be  removed,  although  there  is  no  immediate  ne- 
cessity for  it.  It  is  expected  that  the  repair  of  the  decayed  aud  damaged 
west  pier  and  the  building  of  the  new  sand-fence  will  prevent  further 
deterioration  of  the  channel  from  this  cause. 

Great  Sodus  Harbor  is  in  the  collection -district  of  Oswego,  and  is  distant  about  32 
miles  from  Fort  Ontario,  at  Oswego.  It  is  lighted  by  a  fourth-order  coast  white-flash 
light  on  the  bluff  west  of  the  entrance,  and  by  two  white  beacon-lights  at  the  ends  of 
the  west  pier. 

The  following  statement  of  its  commerce  is  furnished  by  the  records 
of  the  custom-house : 

Revenue  collected  during  the  fiscal  year  ending  June  30,  1877 $637  71 

Value  of  imports 12,  4**  57 

Value  of  exports 46,699  75 

Number  of  vessels  cleared 6*2 

Their  tonnage,  tons 6,  K9 

Number  of  vessels  entered 63 

Their  tonnage,  tons „.*-  6,205 
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Money  statement. 

July  1,  1876,  amount  available $2,221  12 

Anionut  appropriated  by  act  approved  August  14,  1876 5,000  00 

7,221  12 
July  1,  1877,  amount  expended  during  fiscal  year 749  03 

July  1,  1877,  amount  available 6.472  09 

Amount  (estimated)  required  for  completion  of  existing  project 10,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endiug  June  30, 1879.  10, 000  00 
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IMPROVEMENT  OF  LITTLE  SODUS  HARBOR,  NEW  YORK. 

No  work  lias  been  Hone  here  during  the  past  year  except  closing  a 
breach  which  had  been  formed  through  the  west  beach;  about  70  linear 
feet  of  crib- work  were  required  for  this  purpose. 

By  act  of  Congress  approved  August  14,  1876,  the  sum  of  $5,000  was 
appropriated  for  the.  improvement  of  this  harbor,  but  it  was  not  until 
May,  1877,  that  this  money  became  available,  and  it  was  then  too  late 
to  do  anything  with  it  before  the  close  of  the  fiscal  year.  This  money 
will  be  applied  during  the  present  season  to  the  repair  of  the  west  pier, 
and  to  the  extension  shoreward  of  the  inner  end  of  the  east  pier.  Au- 
thority has  been  given  to  do  this  work  by  purchase  in  open  market,  and 
by  the  employment  of  hired  labor. 

The  only  work  yet  remaining  to  be  done  under  the  original  scheme  of 
improvement  is  the  connection  of  the  inner  end  of  the  east  pier  with  the 
shore,  which  will  require  the  unappropriated  balance  of  the  original  es- 
timate, namely,  $12,000.  A  part  of  the  money  heretofore  appropriated 
for  this  work  has  been  necessarily  applied  to  the  repair  of  damage  which 
Jias  occurred  from  time  to  time  in  the  work  already  constructed,  and  it 
may  become  necessary  to  call  for  additional  fuuds  to  replace  those  so 
applied. 

A  history  of  this  improvement,  accompanied  by  a  sketch  of  the  har- 
bor, will  be  found  in  the  Annual  Report  of  the  Chief  Of  Engineers  for 
the  fiscal  year  ending  June  30,  1870. 

L'ttle  Sodus  Harbor  lies  in  the  collection-district  of  Oswego,  about  15  miles  west  of 
Fort  Ontario,  at  Osweg  *.  The  harbor  is  lighted  by  a  fixed  white  light  ot  the  fouith 
order,  placed  near  the  head  of  the  west  pier. 

The  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  records  of  the  custom-house  : 

Revenue  collected  during  the  fiscal  year  ending  Jnne  30,  1877 $3, 154  6S 

Value  of  imports * £2,544  00 

Value  of  exports 8b, 111  00 

Number  of  vessels  cleared 22b' 

Their  tonnage,  tons 18,258 

Number  of  vessels  entered 213 

Their  tonnage,  tons 13,417 

Mo  n  ey  a  ta  tern  en  t. 

Jnly  1,  1876,  amount  available ..." $1,289  06 

Amount  appropriated  by  act  approved  August  14,  1876 5, 000  00 

6, 2*9  96 
Joly  1,  1877,  amount  expended  during  fiscal  year , 433  39 

July  1 ,  1877,  amount  available 5, 856  57 

Amount  (estimated)  required  for  completion  of  existing  project 12,000  00 

Amount  that  can  be  profitably  expended  in  fitcal  year  ending  June  30, 1879.   12, 000  00 
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GG  8. 

IMPROVEMENT  OF  OSWEGO  HARBOR,  NEW  YORK. 

Operations  at  this  harbor  during  the  past  year  have  been  confined  to 
the  construction  of  the  superstructure,  210  feet  long;  of  the  six  cribs 
sunk  in  the  extension  of  the  outer  breakwater;  to  the  placing  one 
counter-fort  in  rear  of  the  exposed  end  of  the  breakwater;  and  to  ex- 
tensive repairs  to  both  breakwaters,  which  had  been  much  damaged  by 
the  action  of  the  sea.  The  repairs  to  the  new  breakwater  consisted  in 
removing  the  deck-plank  where  the  structure  had  settled  materially, 
(the  settlement  in  many  cases  being  3  and  4  feet,)  leveling  up  the  tim- 
ber-work, tilling  in  with  stone,  and  replacing  the  deck-plank.  Over  a 
large  part  of  the  work  the  stone  filling  had  settled  to  such  a  degree 
that  it  was  necessary  to  remove  the  deck  plank,  till  in  with  stone,  aud 
then  replace  the  plank.  This  latter  operation,  in  which  no  leveling  of 
the  timber  was  required,  had  to  be  done  over  917  linear  feet  of  the  lake 
arm  of  the  breakwater,  and  over  413  linear  feet  of  the  west  half,  and 
174  linear  feet  of  the  east  half  of  the  shore  arm  of  the  breakwater. 

About  700  linear  feet  of  this  structure  had  to  be  levelled  up  by  bolt- 
ing additional  timbers  upon  those  which  had  settled. 

In  the  old  breakwater,  parts  of  the  protecting  cribs  and  counter  forts 
had  to  be  rebuilt,  aud  the  superstructure  of  the  breakwater  itself  had 
to  be  rebuilt  from  the  water-liue,  on  the  exposed  side,  for  about  303 
feet,  while  new  planking  has  been  laid  over  133  linear  feet  of  it. 

Beside  this,  it  has  been  necessary  to  strengthen  this  old  breakwater 
in  many  places  by  building  bulkheads,  placing  smaller  cribs  inside  the 
older  work,  and  sheathing  the  old  work  outside  with  plank. 

In  all  these  operations  there  have  been  expended  about — 

562,000  feet,  board-measure,  pine. 
110,000  feet,  board -measure,  hemlock. 
1,396  curds  of  stone. 

112,000  pounds  of  iron.  * 

At  a  total  cost  of  $40,588.48. 

A  history  of  this  work  and  a  sketch  of  its  condition  at  the  close  of 
the  last  fiscal  year  will  be  found  in  the  Annual  Report  of  the  Chief  of 
Engineers  for  the  fiscal  year  ending  June  30,  1876. 

The  total  length  or  this  breakwater,  as  now  constructed,  is  as  follows: 

Shore  arm 910  feet. 

Lake  arm 2, 782  fret. 

Total 3, 692  feet. 

And  under  the  project  as  approved  it  is  to  be  extended  about  2,000  feet 
more  to  the  eastward,  or  until  its  eastern  extremity  is  about  on  the 
prolongation  of  the  outer  part  of  the  old  breakwater. 

The  original  estimated  cost  of  this  work  was  $l,162,G82,  of  which 
amount  there  has  already  been  appropriated  the  sum  of  $515,000,  leav- 
iug  $557,000  yet  to  be  appropriated*  but  much  of  that  already  appro- 
priated has  been  applied  to  the  repair  of  damages  to  both  breakwaters 
occasioned  by  storms,  as  in  the  past  year,  where  over  $20,000  have 
been  so  applied,  and  it  is  probable  that  the  money  thus  diverted  from 
original  construction  will  yet  be  needed  before  this  work  is  completed. 

By  act  of  Congress  approved  August  14,  1876,  the  sum  of  $90,000  was 
appropriated  lor  the  improvement  of  this  harbor,  but  only  so  much  of 
this  was  made  immediately  available  as  was  necessary  for  repairing  dam- 
ages already  done  to  the  work  and  for  putting  it  in  condition  to  with- 
stand the  action  of  the  usual  fall  aud  winter  gales.     In  September 
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$ 25,000  were  allotted  for  this  purpose,  aud  in  November  an  additional 
sum  of  $5,000;  aud  nearly  the  whole  $30,000  were  applied  to  this  pur- 
pose before  wiuter  set  in. 

The  remaining  $60  000  were  made  available  in  the  month  of  May  fol- 
lowing, aud  shortly  after  authority  was  given  to  apply  this  money  to  the 
improvement  by  the  purchase  of  material  iuopeu  market  and  by  the  em- 
ployment of  hired  labor.  Nothing  was  accomplished,  however,  before 
the  close  of  the  fiscal  year,  excepting  making  the  necessary  arrangements 
for  the  supply  of  materials  required. 

The  amount  of  the  appropriation  now  available  is  sufficient  to  permit 
the  extension  of  the  new  breakwater  between  400  and  500  feet;  and  it 
is  hoped  that  this  may  be  accomplished  during  the  present  working-sea- 
sou.  This  is  not  certain,  however,  as  there  is  always  difficulty  in  getting 
supplies  of  such  timber  as  is  needed  in  such  structures  at  this  season  of 
the  year.  Twelve-inch  timber  is  rarely  kept  in  stock,  and  when  wanted 
it  is  usually  necessary  to  send  into  the  woods  and  have  it  cut.  This 
should  be  done  in  the  winter,  as  it  is  a  difficult  and  expensive  thing  to 
get  it  out  in  the  summer  season;  yet  our  appropriations  are  usually  so 
made  that  this  becomes  necessary. 

Oswego  Harbor  is  in  the  collection-district  of  Oswego,  and  is  lighted  by  a  fixed  white 
light  of  the  third  order,  and  by  a  red  beacon-light  at  the  outer  end  of  the  old  break- 
water. Fort  Ontario  is  situated  a  little  to  the  east  of  the  east  pier,  aud  commands  the 
b  arbor. 

The  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  records  of  the  custom-house: 

Revenno  collected  during  the  fiscal  year  ending  June  30,  1877 $430, 748  59 

Value  of  imports * 4,12*2,876  00 

Value  of  export* 1,090,905  00 

Number  of  vessels  cleared 2, 131 

Their  tonnage,  tons 390,680 

Number  of  vessels  entered 2,  128 

Their  tonnage,  tons 390,251 

Money  statement. 

July  1,  1876,  amonnt  available $9,  C58  49 

Amount  appi opriated  by  act  approved  August  14,  1876 90, 000  00 

99, 058  49 
July  1,  1877,  amount  expended  during  fiscal  year 40,588  48 

July  1,  1877,  amonnt  available 58,470  01 

Amonnt  (estimated)  required  for  completion  of  existing  project 557,000  00 

Amount  that  can  be  profitably  expended  iii  fiscal  year  ending  June  30, 1879.    300, 000  00 


GGg. 

IMPROVEMENT  OF  OGDENSBURG  HARBOR,  NEW  YORK. 

The  history  of  this  work  will  be  found  in  previous  reports,  and  a  sketch 
of  its  condition  at  the  close  of  the  last  fiscal  year  will  be  found  in  the 
Eeport  of  the  Chief  of  Eugineers  for  the  fiscal  year  eudiug  June  30, 
1876. 

The  original  scheme  of  improvement  provided  for  the  dredging  of  cer- 
tain parts  of  the  channel  and  harbor,  and  for  the  construction  of  pile- 
piering  to  prevent  tha  waters  of  the  Oswegatchie  from  wasting  their 
force  by  spreading  over  the  shoal  which  lies  in  front  of  the  city. 
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The  dredging  has  been  essentially  completed,  and  there  appears  to  be 
no  present  necessity  for  constructing:  the  proposed  pile  pieriug,  the  esti- 
mated cost  of  which  is  about  $70,000. 

Nothing  has  been  done  iu  this  improvement  during  the  past  year,  as 
there  was  no  working  balance  available  at  its  beginning,  and  no  appro- 
priation lias  since  been  made  for  it. 

Ogdensbnrg  Harbor  is  in  the  collection-district  of  Oswegatcbie,  about  120  miles  from 
Fort  Ontario,  at  Oswego,  and  is  lighted  by  a  fixed  white  light  of  the  fourth  order. 

The  following  statistics  of  its  commerce  are  furnished  from  the  records 
of  the  custom-house:      • 

Revenue  collected  during  the  fiscal  year  ending  June  30,  1877 $'4,567  R3 

Value  of  imports 4<>*,476  00 

Value  of  exports ?90,CcM  00 

Number  of  >essels  cleared 927 

Their  tonnage,  tons 165,004 

Number  of  vessels  entered iMS 

Their  ton unge,  tons 160,7119 

Money  statement 

July  1,  1876,  amount  available $59  10 

July  I,  IH77,  amount  expended  during  fiscal  year 44  02 

Jnly  1,  1^77,  amount  available 15  08 


Amount  (estimated)  required  for  completion  of  existing  project s...   70,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  lo71).  70, 000  00 


GGio. 

IMPROVEMENT  OF  WADDINGTON  HARBOR,  NEW  YORK. 

The  history  of  this  improvement  will  be  found  in  the  Reports  of  the 
Chief  of  Engineers  for  the  fiscal  years  ending  June  30,  1873,  1S74,  1S75, 
and  1870,  and  a  sketch  of  the  harbor  iu  its  present  condition  will  be  found 
iu  the  last-named  report. 

The  work  of  improvement  is  completed  as  originally  designed,  and 
nothing  more  is  needed  here.  No  work  has  been  done  during  the  past 
year,  and  the  small  balance  of  $12.72  on  hand  at  the  begiuning  of  the 
fiscal  year  has  been  expended  in  office  supplies. 

Waddington  Harbor  is  in  the  colleetion-district  of  Oswegatchie,  on  the  Saint  Law- 
rence River,  about  20  miles  bel  >w  Ogdensbnrg,  where  the  nearest  American  light- 
house is  situated.     It  is  about  100  miles  from  Fort  Montgomery,  at  Rouse's  Point. 

The  following  statistics  of  its  commerce  are  furnished  by  the  records 
of  the  custom-house : 

Amount  of  revenue  collected  during  the  fiscal  year  ending  June  30,  1877.. .  $3,075  14 

Value  of  imports 32,277  00 

Value  of  exports 5,  453  00 

Number  of.  vessels  entered 3 

Their  tonnage,  tons 130 

Number  of  vessels  cleared 3 

Their  tonnage,  tons 130 

Existing  project  completed  ;  nothing  required. 


i 


Money  statement 


Jnly  1,  1876,  amount  available $42  72 

July  1,  1877,  amount  expended  duiiug  fiscal  year 42  72 
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ANNUAL  REPORT  OF  MAJOR  G.  H.  MENDELL,  CORPS  OF  EN- 
GINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1877. 

#  United  States  Engineer  Office, 

8an  Francisco,  Cat.,  July  7,  1877. 

General  :  T  bav*  the  honor  to  inclose  the  annual  reports  for  the  year 
ending  June  30,  1877,  of  the  works  of  river  aud  harbor  improvement 
under  my  charge. 

Very  respectfully,  your  obedient  servant, 

G.  H.  Mfndell, 


Brig.  Geo.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  S.  A. 


Major  of  Engineers. 


HHi. 

IMPROVEMENT  OF  OAKLAND  HARBOR.  CALIFORNIA. 

The  operations  for  the  past  year  have  been  mainly  directed  to  the  at- 
tainment of  a  convenient  depth  in  the  channel  between  the  jetties,  which 
is  very  much  needed  by  the  growing  commerce  of  Oakland. 

It  was  proposed  to  excavate  a  channel  200  feet  wide  from  the  10  foot 
curve  in  San  Francisco  Bay  to  the  10-foot  curve  in  Oakland  Harbor. 
The  length  of  the  line  of  dredging  is  6,300  feet. 

This  channel  has  been  opened  for  a  width  of  100  feet,  and  the  second 
cut  of  the  same  width  is  now  nearly  completed,  only  900  feet  remaining 
to  be  excavated,  iuvolving  about  15.000  yards. 

The  dredging  Was  commenced  under  a  contract  with  John  A.  Ball  at 
the  rate  of  24  cents  a  yard.  This  contract  was  nullified  on  the  12th 
September,  1876,  in  consequence  of  the  failure  of  the  contractor  to 
prosecute  the  work  at  the  rate  provided  by  the  terms  of  the  agreement. 

Between  July  1  and  September  12  the  contractor  excavated  3,741 
cubic  yards  wiih  a  single  dredge. 

The  Western  Development  Company  undertook  the  work,  after  it  was 
taken  out  of  the  contractor's  hands,  at  the  price  he  had  received,  namely, 
24  cents  per  yard.  The  company  placed  two  dredges  at  work,  and  some 
time  subsequently  added  a  third,  by  the  aid  of  which  the  work  embraced 
in  Mr.  Ball's  contract  was  nearly  completed  in  the  required  time,  viz, 
April  1,  1877.  In  the  mean  time  the  growing  demands  of  commerce 
seemed  to  require  a  greater  width  than  150  feet,  which  was  the  width 
originally  contemplated,  aud  it  was  thought  advisable  to  give  a  width 
of  2U0  feet  to  the  chauuel.    The  company  continued  to  work,  under  the 
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original  agreement  to  Juue  1,  1876,  at  which  time,  after  advertisement 
and  call  for  bids,  they  being  the  only  bidder,  a  written  contract  was  made 
for  the  part  remaining  uudone  at  the  rate  of  35  cents  per  yard. 

Tbis  contract  is  now  in  force,  and  it  is  expected  that  the  work  will  be 
completed  in  July,  1877.  The  total  amouut  d  red  {fed  duriug  the  year 
was  196,465  cubic  yards. 

At  the  same  time  that  the  dredging  remaining  to  be  done  was  adver- 
tised for  bids,  tenders  were  invited  for  about  20,000  tons  of  stone  for  the 
exteusion  of  the  training-walls  or  jetties.  There  were  a  number  of  bid- 
ders, a  list  of  whom  is  appeuded.  The  award  was  made  to  the  lowest 
bidder,  Tilford  &  Terkelson,  at  $1.19  per  ton. 

These  parties  began  work  about  the  middle  of  June,  and  to  the  close 
of  the  month  they  delivered  2,335  tons,  which  were  placed  on  the  south 
wall,  extending  it  400  feet.  The  stone  comes  in  part  from  Angel  Island 
and  partly  from  Telegraph  Hill. 

It  is  estimated  that  the  work  now  in  progress  will  consume  all  the 
money  that  is  at  present  available. 

Several  importaut  parts  of  the  construction  await  a  liberal  appropria- 
tion on  the  part  of  Congress. 

The  part  of  the  jetties  above  low-water  will,  it  is  thought,  necessarily 
be  made  of  coucrete  masonry.  A  dry  stone  wall,  with  the  material 
available  in  the  quarries  uear  the  city,  cannot  be  made  to  keep  its  shape. 

The  excavation  of  the  tidal  basin  above  Oakland  to  a  depth  of  1  or 
2  feet  below  low- water  ought  to  be  undertaken  before  long,  in  order  to 
secure  a  larger  tidal  prism.  It  is  hoped  that  cheapened  dredging,  com- 
bined with  the  reclamation  of  the  low  lands  in  the  viciuity,  which  will 
need  the  material  taken  from  the  bay,  will  permit  the  work  to  be  done 
at  a  low  price. 

No  further  steps  have  been  takeu  to  condemn  the  land  for  a  canal  to 
conuect  with  San  Leandro.  The  appropriation  being  too  small  to  permit 
any  new  work  to  be  undertaken,  there  has  been  no  urgency  in  obtain- 
ing possession  of  the  laud. 

The  establishment  of  liues  on  both  sides  of  the  estuary,  beyond  which 
no  constructions  can  be  permitted,  was  referred  to  in  the  last  annual 
report,  and  has  received  considerable  attention  siuce  that  date.  This 
has  resulted  in  the  establishment,  so  far  as  this  office  can  establish, 
of  a  liue  from  the  preseut  wharves  to  the  head  of  the  jetty  on  tbe  Oak- 
land side. 

The  fixing  of  this  line  has  been  urgent,  many  building  operations  being 
dependent  upon  it  and  awaiting  its  establishment.  This  line  is  estab- 
lished on  sound  principles  and  iu  harmony  with  the  views  of  the  water- 
front company,  as  represented  by  their  engineer.  This  gentleman, 
Calvin  Brown;  civil  engineer,  has  also  been  consulted  in  regard  to  the 
lines  which  it  is  proposed  to  establish  wherever  the  property  of  the 
water-front  company  extends.  General  Alexander,  the  senior  engineer 
on  the  Pacific  coast,  has  also  given  the  benefit  of  his  views  ou  the  same 
point. 

There  seems  to  be  every  reason  to  expect  that  the  difficulties  which 
were  described  in  the  last  annual  report,  resulting  from  ownership,  real 
or  fictitious,  of  the  bed  of  the  estuary  by  private  parties,  under  grants 
of  the  legislature  of  the  State,  will  be  obviated  by  the  formal  assent  of 
the  parties  to  the  establishment  of  certain  lines,  outside  of  which  the 
ownership  and  sovereignty  of  the  United  States  will  be  admitted.  This 
done,  there  will  be  no  reason  why  the  work  should  not  again  receive  its 
share  of  favor  from  Congress. 

The  accompanying  map  [not  printed  iu  this  report]  exhibits  the  train- 
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ing  walls,  and  the  channel  which  has  been  excavated.  The  depth  has 
been  well  maintained,  and  in  some  iustances  it  has  been  increased. 

The  accompanying  statistics  represent  the  condition  of  commerce  in 
the  estuary,  and  on  the  main  pier  outside,  during  the  past  year.  The 
statistics  for  the  estuary  proper  have  not  been  thoroughly  segregated 
in  past  years,  so  that  their  growth  cannot  be  represented.  The  number 
of  vessels  in  187ti,  leaving  out  one  wharf  which  kept  no  record,  was 
2,520,  while  in  1875  the  number  was  2,144.  The  increased  depth  of  the 
channel  admits  larger  vessels  than  could  enter  before  1876. 

On  a  spring-tide  17  feet  can  be  carried  into  the  harbor. 

The  largest  vessel  that  has  yet  eutered  was  a  French  bark,  drawing 
14  feet. 

Oakland  is  in  the  collection-district  of  San  Francisco,  and  only  five  miles  distant. 
The  nearest  fortifications  and  light-bouses  are  in  the  harbor  of  San  Francisco. 

Money  statement. 

July  1, 1876,  amount  available $47,157  50 

Amount  appropiiated  bv  act 'approved  August  14,  1876 75,000  00 

$122, 157  50 

Joly  1,  1877,  amount  expended  during  fiscal  year 59, 192  26 

July  1,  1877,  outstanding  liabilities 1,062  56 

60,254  82 

Jnly  1, 1877,  amount  available 61,902  68 

Amount  (estimated)  for  completion  of  existing  project 1,5:19,529  20 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,1879.       200, 000  .00 


COMMERCIAL  STATISTICS  OP  THE  OAKLAND  CITY  FRONT. 


Xexo  wharf \  Foster  <f-  GelleVs  Wharf. 


Period. 

No.  of 
vessels. 

Lumber. 

Lime. 

i 

Sand. 

Brick. 

Wood. 

1677. 
April  1  to  Jone 20.. 

110 

M. 

642 

Barrels. 
4,300 

Tons. 

284 

Tons. 
400 

Tons. 
2,400 

if. 

380 

Cords. 
100 

La  Rut's  Wharf. 


Year. 


1875 
1876 


No.  of 
vessels. 

Lumber. 

Lime. 

Jnte. 

Coal. 

Shingles. 

Laths. 

883 
912 

M. 

7.  S.-.0 
9,000 

Barrels. 
2,  000 

Tons. 
900 

Tons. 
5,  500 
7,500 

M. 

3,800 

4,000 

M. 

2,500 
3,000 

Wood. 


Cords. 
2,0.0 


City  Wharf 


Year. 

No.  of 
vessels. 

Lumber. 

Produce. 

Coal. 

Wood. 

Brick. 

1*73  

431 

605 

1,223 

M. 

40^ 
2.  47o 

4,747 
7.5CU 

283 

1.  2*2 

2,  130 
4,951 

Ton-. 
10,  823 
12.263 
l»,  h8."i 
18,  848 

Cords. 
3,215 
3.  8<!7 
4, 0-10 
4.04G 

M. 

3  218 

1-74   

3  797 

1H75  

5.061 
5,017 

1*76 

» 
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Yrar. 


Taylor  #  Co.'s  Wharf. 


No.  of 
vessel*. 


Lumber. 


Shingles. 


1875  

162 

150 

M. 

8.9T* 
9,000 

M. 

2.000 
5,  103 

Jf. 

1876 

1,  355 

Laths. 


MerritVs  Jfharf. 


Year. 


No.  of 
Y easels. 


1875  

1876 


Lumber.  (  Shingles.      Laths. 


Jf. 

M 

Jf. 

209 

•3.449 

4.254 

2. 177 

125 

10,  000 

4,li(X) 

2,000 

Muir-s   Wharf. 

This  wharf  Las  done  a  large  shipping  business,  but  has  so  far  kept  no 
accounts  whatever  of  traffic.    Estimates  coal  at  3,000  tons. 

Main  Pier  or  Ferry  Wharf. 

Total  Dumber  of  passengers  over  Oakland  Ferry  : 

In  1872 2,611,418 

In  187* 2,  841, 374 

In  1874 3,446,429 

In  1875 4,309,712 

In  1876 5,UU0,0U) 

Bullion  valued  at  $35,000. 

General  freight. 


Description. 


1675. 


*Merohand  i»o 

Grain  exported 

do . . . 

Coal  imported 

do . . . 

Totals 

496,  594 

h>.  mn. 

2*2,  885 


lrt76. 


60'.),  470 


469,  400 

131,  4«l 

40, 240 


641,  121 


STATEMENT   OF    BIDS    RECEIVED    AND    OPENED   OX    THE    H?TH    DAY   OF   MAY,    1877,   FOK 

DREDGING  AND  FOK  DELIVERY  OF  STONE. 


Dredging. 
1  bid  by  Western  Development  Company  at  35  cents  per  cubic  yard. 

Delivery  of  stone. 

Tilford  <fc  Terkelson,  per  ton SI  19 

Ncwlawl'ife  Slianon,  per  ton,  from  Angel  Island 1  28 

Newland  &  Slianon,  per  tou,  from  Yerba  Buuna I  24  ^ 

K.  P.  Ktdley.  per  ton 1  47 

Bradley  Muir,  per  ton 1  48 
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HH  2. 

IMPROVEMENT  IN  WILMINGTON  HARBOR,  CALIFORNIA. 

DREDGING. 

Dredging  wa8  mainly  cotifined  to  the  reef  of  clay  and  stone  which 
crosses  the  entrance  of  the  harbor  from  Deadman's  Island  to  the  shore. 
There  were  taken  from  this  reef  4,501  yards  of  clay  and  4,601  yards  of 
stone.  There  were  also  dredged  2,273  yards  of  sand,  part  of  which  was 
taken  from  the  reef  and  part  from  a  narrow  trench  which-  was  startvd 
above  the  reef  and  carried  for  several  hundred  feet  to  a  depth  of  12  feef. 
This  trench  was  abandoned  for  two  reasons,  namely,  want  of  funds  and 
from  a  fear  that  the  sand  would  be  washed  out  of  the  interior  channel 
faster  than  the  forces  outside  could  dispose  of  it.  If  this  were  the  re- 
sult the  sand  would  be  apt  to  accumulate  at  the  mouth  of  the  harbor. 

There  is  now  a  fair  equilibrium  under  which  the  sandy  part  of  the 
channel  deepens  slowly  and  regularly,  aud  the  sand  is  carried  to  the 
west  of  the  entrance,  where  it  is  building  up  a  shoal. 

The  fiist  cut  through  the  reef  was  100  feet  wide  and  12  feet  deep. 
This  was  finished  in  July.  A  second  cut  was  started  100  feet  wide  and 
14  feet  deep.  This  was  made  for  130  feet,  when  it  was  reduced  to  50 
ft*et  in  width  and  12  feet  in  depth.  This  reduction  was  made  because 
the  available  funds  were  insufficient.  This  reduced  cut  was  finished  in 
January,  1877,  and  there  is  now  a  channel  150  feet  wide  through  the 
reef,  with  12  feet  of  water  at  mean  low  tide  of  the  Coast  Survey,  or  10 
feet  at  the  lowest  known  tides. 

The  stone  and  clay  taken  from  the  reef  were  used  to  build  a  training- 
wall  on  the  west  side  of  the  channel.  In  addition  2,400  tons  of  stone 
were  purchased  and  placed  on  this  wall.  The  wall  runs  parallel  with 
the  channel  for  800  feet,  and  was  built  to  3  feet  above  low-water.  It 
has  settled  to  some  extent  and  is  now  one  foot  lower. 

iSome  stone  was  placed  on  the  main  jetty,  near  the  end  of  the  timber- 
work,  to  raise  it  to  the  height  of.  the  rest  of  the  line.  A  groin  on  the 
sea  side  of  the  end  of  the  limber-work  was  extended  and  raised  in 
stone,  and  some  stone  was  used  in  connection  with  our  operations  in 
brush.     All  of  these  last-named  operations  consumed  850  tons  of  stone. 

The  accumulation  of  sand  on  the  seaward  side  of  the  work  has  not 
been  so  rapid  as  was  expected,  nor  as  is  desirable.  Some  desultory 
operations  have  been  carried  on  from  time  to  time  with  the  view  to 
hasten  the  growth  of  the  dunes.  Brush  has  been  used  for  this  purpose 
in  various  forms  and  with  moderate  success.  The  subject  has  hardly 
received  a  fair  trial,  nor  have  any  positive  rules  for  the  application  of 
brush  to  this  purpose  been  developed. 

It  is  believed  that  a  good  deal  can  be  done  in  this  way  to  hasten  the 
desired  result,  but  more  time  aud  some  money  must  be  available  to 
prove  the  assertion. 

Nine  groins  of  fascines  were  extended  from  the  main  work,  each  70 
feet  long,  and  each  of  two  tiers  of  fascines.  They  were  aligned  parallel 
to  the  crests  of  the  waves.  Two  courses  of  tides — that  is  oue  mouth — 
filled  the  sand  to  the  top  of  the  brush.  This  was  very  well,  but  it  was 
quite  expensive. 

The  cost  of  making  fascines  and  of  stone  to  load  them  was  considera- 
ble, and  another  experiment  was  tried. 

The  brush  was  cut  to  3  feet  lengths  and  set  up  on  end  in  a  trench  2 
feet  deep,  leaving  the  brush  projecting  1  foot  above  the  beach.    The 
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alignment,  as  before,  was  parallel  to  the  wave  front.  The  brush  was 
held  in  place  by  packing  the  sand  in  the  trench  firmly.  This  is  inexpen- 
sive and  produces  good  results. 

Some  other  experimental  applications  of  brush  were  made*  These 
operations  consumed  80  cords  of  brush  and  accumulated  about  6,400 
cubic  yards  of  sand. 

The  channel  has  been  steadily  improving  both  in  width  and  depth. 
There  is  now  a  depth  of  8  feet  at  mean  low  water  where  there  was  less 
than  2  when  the  origiual  operations  were  commenced.  The  increase  iu 
depth  during  the  year  has  been  1  foot. 

The  9  foot  curves  inside  and  outside  are  now  but  600  feet  apart,  hav- 
ing approached  each  other  500  feet  during  the  year. 

At  high-water  of  spring  tides,  there  is  a  depth  of  10  feet  in  the  shoal- 
est  place  ;  and  at  other  high  waters,  12  to  14  feet,  as  the  tides  are  neap 
or  vary  to  spring. 

These  depths  are  sufficient  to  admit  all  of  the  coasting- vessels,  and  it 
is  now  a  common  practice  with  all  of  them  except  the  passenger-steamers 
to  enter  the  harbor. 

In  November,  29  vessels  entered  the  harbor.  Two  of  them  drew  14 
feet,  and  20  drew  13  leet. 

It  is  probiible  that  the  deepeniug  of  the  channel  will  now  proceed 
slowly,  as  it  has  done  since  the  currents  have  been  controlled,  and  two 
or  three  years  will  probably  give  a  minimum  depth  of  10  feet. 

In  the  moan  time  it  will  be  necessary  to  complete  the  training-wall  by 
raising  it  a  foot  cr  two,  and  extending  to  such  a  point  as  a  study  of  the 
circumstances  shall  show  to  be  necessary. 

The  timber-work  may  need  protection  for  some  time  to  come,  and 
further  efforts  should  be  made  to  hasten  the  accumulation  of  sand. 

The  width  of  the  cut  iu  the  reef,  which  is  now  150  feet,  ought  to  be 
made  200  feet,  and  it  would  also  be  beneficial  to  extend  its  depth  a 
couple  of  feet.  The  action  of  the  curreut  cannot  be  expected  to  increase 
the  depth  on  the  reef.    This  can  be  done  only  by  artificial  means. 

The  stone  line  forming  a  part  of  the  main  jetty,  has  steadily  settled 
for  the  past  three  or  four  years,  and  it  will  probably  be  necessary  to 
raise  this  line  3  or  4  feet. 

These  are  the  points  which  will  need  attention  for  a  couple  of  years, 
and  without  such  attention  the  work  can  hardly  be  regarded  as  com- 
pleted. 

All  operations  at  the  work  were  suspended  in  February,  the  property 
stored  as  well  as  possible,  and  a  keeper  placed  in  charge. 

It  may  be  well  to  notice  here  an  interesting  and  unusual  phenomenon 
which  occurred  on  the  morning  of  May  10.  Happily,  it  did  no  damage 
of  any  amount. 

About  7  o'clock  in  the  morning^  the  tide  being  about  4  feet  above  low- 
water,  the  sea  began  to  rise,  and  in  2£  minutes  it  rose  ii.S  feet,  submerg- 
ing the  work  and  a  great  deal  of  land  on  the  shore  which  is  little  above 
high- water.  The  wave  retreated  iu  a  few  minutes  at  a  slower  rate  than 
it  had  advanced,  falling  5  feet  iu  nine  minutes.  There  were  a  number 
of  these  oscillations  dunug  the  day,  but  uone  so  large  as  the  one  just 
described. 

The  wave  was  propagated  from  a  center  of  disturbance  on  the  coast 
of  South  America  which  destroyed  Iquique,  in  Peru,  and  did  a  great 
deal  of  damage  on  the  adjoining  shores.  This  earthquake  took  place 
ou  the  9th  May. 

This  report  is  accompanied  by  a  map  which  shows  Wilmington  Harbor 
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at  the  beginning  of  the  work  of  improvement,  and  its  present  condition. 
These  maps  are  on  the  same  scale,  and  are  arranged  for  easy  comparison. 

The  lines  of  the  works  are  also  exhibited,  and  the  position  of  the  reef 
and  the  area  dredged  are  also  showu. 

The  commercial  statistics  of  the  port  of  Wilmington  are  as  follows  for 
the  year  1876 : 

There  arrived  during  the  year  162  sailing* vessels  and  243  steamers. 
Tbe  imports  were  66,8*^9  tons,  of  which  30,000  tons  were  railroad  plant. 
The  exports  were  20,448  tous. 

Three  cargoes  of  wheat  were  exported  to  Europe,  the  first  instance  of  the  kind. 
Wilmington  is  in  the  collection-district  of  San  Diego,  which  is  100  miles  distant. 
The  amount  of  revenue  collected  during  the  year  from  merchandise  imported  at  Wil- 
mington was  $9,021.21. 

The  nearest  light-bonse  is  at  Point  Firmin,  3  miles  distant. 
The  nearest  port  is  at  San  Diego,  100  miles  distant. 

The  original  estimate  for  the  jetty  connecting  Rattlesnake  and  Dead- 
man's  Islands  was  $400,000.  The  actual  cost  of  the  jetty  was  consider- 
ably less  than  this  sum. 

The  amounts  and  dates  of  appropriations  for  this  harbor  are  as  follows, 
namely : 

March  3,  1871 $200,000  00 

Jnne  10,  1872 7:»,000  00 

March  3,  1873 150,000  00 

March  3,  1875 30,000  00   \ 

*        Total 455,000  f0 

Expended  to  Jnne  30,  1877 454  056  58 

The  estimated  amount  required  to  complete  tbe  harbor  is  $100,000,  which  can  be 
well  applied  in  two  years. 

A  principal  reason  for  the  increased  expenditure  over  tbe  original 
estimate  is  in  the  fact  that  it  proved  to  be  impossible  to  place  the  en- 
trance at  the  point  where  it  could  have  been  provided  most  economi- 
cally, and  where  it  was  originally  intended  to  place  it. 

The  improvement  of  harbors  of  this  class  is  best  made  successful  by 
a  study  of  the  actions  and  tendencies  of  the  currents  as  they  are  deter- 
mined bv  the  constructions  which  are  made  to  control  them. 

These  actions  can  seldom  be  fully  understood  and  their  directions 
recognized  in  advance,  but  when  recognized  it  is  generally  a  sound 
principle  to  act  as  far  as  possible  in  harmony  with  them  aud  not  in 
opposition. 

Unmistakable  indications  pointed  out  the  proper  position  of  the  en- 
trance which  ought  to  be  made,  but  not  until  tbe  main  jetty  was  com- 
pleted. 

This  change  from  the  original  design  made  it  necessary  to  excavate  a 
good  many  thousand  yards  of  clay  aud  stone,  which  were  not  included 
iu  the  original  design. 

In  addition,  works  on  the  sea  are  exposed  to  large  contingencies, 
which  can  never  be  fully  anticipated. 

Money  statement. 

Julyl,l«76,  amount  available $40,268  15 

July  1,  1877,  amount  expended  during  liscal  year 39,324  73 

July  1,  1877,  amount  available 943  42 

Amount  (estimated)  required  for  completion  of  existing  project 100, 000  00 

Amount  that  can  be  proiitably  expended  in  fiscal  year  ending  J  une  30, 1879 . .     50, 000  00 
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HH3. 

REMOVAL  OF  RINCON  ROCK,  SAN  FRANCISCO  HARBOR,  CALIFORNIA. 

At  the  date  of  the  last  animal  report  Cyrus  Palmer,  one  of  the  sureties 
on  tht?  bond  of  the  original  contractor,  was  engaged  in  blasting  anil 
removing  what  remained  to  be  done  under  the  original  contract.  This 
contract  required  a  depth  of  24  feet  to  he  secured. 

An  examination  of  the  work  was  made  in  July,  which  showed  that 
outside  of  a  line  KM)  feet  distant  from  the  wharf,  within  which  no  blast- 
ing was  permitted,  in  accordauce  with  a  request  of  the  State,  harbor 
commissioners,  there  remained  to  be  excavated  G2  yards,  and  additional 
depths  fiom  2 J  feet  to  a  lew  inches  had  vet  to  be  attained. 

The  blasting  was  the  cause  of  some  danger  and  annoyance  to  the 
ships  lying  at  the  wharf  within  100  or  200  feet  of  the  scene,  and  proh- 
ably  this  was  one  of  the  motives  which  led  the  harbor  commissioners  to 
request  that  the  work  be  no  further  prosecuted.  They  also  expressed 
the  opinion  that  the  work  was  sufficiently  advanced  to  serve  the  interests 
of  the  commerce  of  the  port. 

Inasmuch  as  the  rock  lay  within  the  jurisdiction  of  the  harbor  com- 
missioners, as  established  by  the  statutes  of  the  State,  and,  further,  as 
the  commissioners  were  the  proper  judges  of  the  necessities  of  commerce, 
within  their  juiisdiction,  it  was  deemed  proper  to  accede  to  their  views. 
Accordingly,  with  the  approval  of  the  Chief  or  Eugiueers,  the  contractor 
was  permitted  to  leave  the  work  in  the  condition  in  which  it  was  at  tire 
time  of  I  he  survey,  and  payment  was  made  for  the  proportion  of  the  work 
actually  done. 

The  original  contract  called  for  the  excavation  of  4,745  cubic  yards, 
of  which  only  4.357  were  actually  removed.  The  price  stated  in  the 
contract  was'$43,000.     The  money  actually  paid  was  $39,483.88. 

The  least  depth  of  water  on  the  rock  is  21  £  feet  at  uieau  low- water,  or 
about  20  feet  at  low- water  of  spring  tides. 

Money  statement 

July  1.  1876,  amount  available $24,3r?0  27 

July  1,  lc77,  amount  expended  during  fiscal  ytur 20, 157  75 

July  1,  1877,  amount  available .%. 4,222  52 


HH4. 

IMPROVEMENT  OF  SACRAMENTO  AND  FEATHER  RIVERS,  CALIFORNIA. 

No  operations  were  carried  on  last  year. 

The  last  and  only  work  that  was  done  in  these  rivers  was  executed  in 
1875,  under  an  appropriation  of  $15,000,  made  at  the  preceding  session 
of  Congress. 

The  Sacramento  was  a  navigable  channel  from  its  mouth  to  a  point 
near  Chico,  something  like  300  miles  in  length.  The  lower  part  of  the 
river  is  embarrassed  here  and  there  with  bars,  which  form  serious  ob- 
structions in  the  low  stages  of  the  water.  Some  of  these  bars  iu  former 
years  were  washed  out  to  some  extent  by  wing  dams,  built  by  private 
corporations  interested  in  navigation.  Latterly,  however,  the  tonnage 
of  traffic  has  fallen  off  in  the  lower  river  on  account  of  the  competition 
with  railroads,  and  no  siugie  party  has.  been  sufficiently  interested  to 
make  any  expenditures  in  removing  bars. 

The  upper  river  has  a  much  greater  fall  than  the  lower  half.    It  has 
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a  number  of  rapids  alternating  with  pools  of  deep  water.  Tbe  princi- 
pal obstructions  to  navigation  are,  however,  snags,  which  are  thrown 
into  the  river  in  each  succeeding  winter  iu  considerable  numbers.    • 

Daring  the  past  season  58  suags  were  taken  out  by  private  parties. 

The  main  traffic  on  the  upper  river  is  in  wheat.  It  is  usually  brought 
on  barges  carryiug  several  hundred  tons,  which  deliver  it  to  vessels  in 
the  harbor  of  San  Fraucisco,  or  land  it  at  Knight's  Landing,  from  winch 
point  it  is  carried  by  rail  to  Vallejo,  where  it  is  shipped  to  foreigu  ports. 

It  is  estimated  that  in  the  year  1876  167,000  tons  of  wheat  were 
brought  out  by  17  steamboats. 

The  country  on  tbe  banks  of  the  river  is  extremely  fertile,  aud  its 
production  increases  from  year  to  year,  and  is  likely  to  continue  to  in- 
crease for  some  years  to  come. 

Ten  thousand  dollars  a  year  will  keep  the  upper  river  from  Knight's 
Landing  to  Walsh's  Landing  or  Ghico  in  very  good  condition  as  far  as 
snags  are  concerned. 

The  Feather  River  is  the  largest  tributary  of  the  Sacramento.  It  is 
navigable  for  a  distance  of  40  miles  above  its  mouth  to  the  town  of 
Marysville.  One  or  two  light-draught  steamers  ply  on  the  river  between 
Marysville  and  San  Francisco. 

There  are  a  few  snags  in  the  river  at  times,  but  the  main  difficulty  is 
in  want  of  depth  of  the  channel  in  its  low  stages.  Some  of  these  shoals 
were  deepened  two  years  ago.  There  is  no  difficulty  in  obtaining  the 
desired  depth  at  any  point.  The  silt  on  the  bottom  is  readily  moved, 
hat  the  shoals  re-appear  at  other  points.  This  river  is  the  main  out- 
let for  the  silt  which  results  from  the  operations  of  hydraulic  mining. 
The  pressure  of  this  increased  quantity  of  material  supplied  each  year 
from  the  mines,  and  the  uuioipprtauce  of  the  navigation,  are  reasons 
*by  no  extensive  system  of  improvement  should  be  undertaken  on  this 
"ver,  and  nothing  short  of  a  system  of  improvement  can  do  any  good 
°f  a  permanent  character. 

The  export  of  wheat  by  the  Feather  Kiver  is  believed  to  have  been 
about  15,000  tons  in  1876. 

It  is  not  recommended  at  present  to  undertake  any  work  looking  to 
Me  improvement  of  the  navigation  of  these  rivers,  except  to  remove 
such  snags  as  form  a  serious  obstruction  and  danger  to  navigation,  and  to 
^move  bars  in  particular  cases  where  the  inconvenience  is  very  great. 

Reference  has  been  made  in  previous  reports  to  the  necessity  of  a 
thorough  examination  and  survey  of  the  lower  parts  of  the  Sacramento 
and  San  Joaquin,  lookiug  to  the  improvement  of  their  navigation  aud 
to  the  solution  of  the  physical  problems  which  are  forced  upon  our 
attention  by  tbe  reclamation  of  the  deltas  of  these  rivers  and  the  enor- 
mous proportions  of  hydraulic  miuing. 

The  considerations  which  have  been  stated  under  these  heads  have 
lost  none  of  their  force  aud  importance. 

Twenty  thousand  dollars  can  be  well  applied  in  the  corning  year  to 
such  improvements  of  navigation  as  have  been  mentioned  and  to  the 
beginning  of  a  general  examination  of  these  important  problems. 

An  examination  of  Georgiaua  Slough,  one  of  the  delta  arms  of  the 
Sacramento,  connecting  it  with  the  San  Joaquin,  was  made  in  June, 
nuder  the  instructions  of  the  Department,  by  Lieut.  A.  H.  Payson,  of  the 
Corps  of  Engineers.    His  report  is  appended. 

These  rivers  lie  in  the  collection-district  of  San  Francisco,  some  statistics  of  which 
will  be  foand  in  the  annual  report  for  Oakland  Harbor. 

The  nearest  forts  aud  light-houses  are  those  which  exist  on  the  waters  of  San  Fran- 
cisco Bay. 

03  E 
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Money  statement. 

July  1,  1876,  amount  available ; $259  88 

JulyJ,  lb77,  amouut  expended  during  fiscal  year 16  63 

July  1, 1877,  amount  available 243  25 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.  20, 000  00 
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About  25  miles  below  the  city  of  Sacramento  the  river  of  that  name  divides  iuto  Old 
River  and  Steamboat  Slough,  the  latter  being  the  branch  taken  by  the  main  commerce 
on  the  river,  though  the  former  is  a  good  navigable  stream,  and  has  one  freight-steamer 
up  and  one  down  it  daily.  Six  miles  below  its  head  the  Old  River  throws  off  a  branch 
called  Georgiana  Slough ;  this  latter,  though  making  many  sharp  bends,  flows  in  a  gen- 
eral southwesterly  direction,  parallel  to  and  at  an  average  distance  of  much  less  than 
a  mile  from  the  Old  River,  for  about  9  miles  from  its  origin  ;  thence  it  bends  abruptly 
to  tbe  east,  runs  almost  directly  away  from  the  Old  River,  and  empties  into  the  Moke- 
lumne, nearly  at  the  junction  of  the  north  and  south  forks  of  that  stream  ;  its  waters 
eventually  reach  the  San  Joaquin,  through  the  mouth  of  the  Mokelumue,  about  20 
miles  above  the  junctiou  of  that  river  with  the  Sacramento.  Tbe  slough  separates  two 
islands,  Andrus  and  Tyler;  the  former,  long  and  narrow,  is  on  its  right  bank,  between 
it  and  th«  Old  River;  the  latter,  somewhat  wider,  on  its  lelt  bank,  between  it  and  the 
North  Fork  of  the  Mokelumue. 

At  the  head  of  the  slough  on  Old  River  its  width  is  between  100  and  130  feet.  The 
banks  on  both  sides  are  of  a  stiff  clay,  about  4  feet  above  low-water,  and  surmounted 
by  a  levee  from  5  to  6  feet  higher.  The  depth  is  about  20  feet  at  low-water  in  mid- 
channel,  and  the  banks  under  water  seemingly  nearly  vertical,  soundings  of  from  10  to 
15  feet  being  found  within  5  feet  of  them.  Both  banks  are  nicely  timbered  in  a  belt  of 
from  50  to  200  feet  in  width,  of  oak,  sycamore,  walnut,  aud  smaller  trees. 

About  a  mile  from  the  head  of  the  slough  the  levee  on  Tyler  Island  ends,  and  does 
not  again  appear,  except  here  and  there  in  slight  banks,  from  I  to  2  feet  high,  thrown 
up  merely  as  a  protection  against  very  high  tides,  but  not  against  floods.  On  Andrus 
Island  the  levee  is  continuous,  aud  in  very  good  order,  throughout  the  length  of  the 
slough. 

The  stream  maintains  its  general  character  and  depth,  though  sometimes  widening 
for  a  short  distance  to  nearly  200  feet,  and  its  banks  very  gradually  becomiug  lower, 
until  the  remarkable  oxbow  bend,  shown  in  the  tracings,  is  passed,  whence  its  width 
is  permanently  increased  to  at  least  200  feet ;  the  banks  become  only  from  1  to  2  feet 
above  low-wat*~r  and  overgrown  with  tules;  the  timber  disappears,  save  a  few  bushes 
here  and  there;  the  banks  are  shelving  and  the  water  shoaler,  until  the  Mokelumne  is 
reached,  2|  miles  below  the  foot  of  tbe  bend.  Tbe  entire  length  of  the  slough  is  about 
12  miles. 

For  tbe  first  9  or  9}  miles  there  can  be  no  possible  doubt  about  there  being  ample 
water  at  all  seasons  of  the  year.,  the  only  obstructions  being  suags  and  overhanging 
trees;  for  the  last  2£  or  3  miles  tbe  suags  and  trees  disappear,  and  tbe  depth  of  water 
becomes  the  question. 

I  timed  my  arrival  at  the  mouth  of  the  slough  at  extreme  low-water  of  a  spring-tide, 
when  tbe  high-water  mark  of  the  morning's  tide  was  nearly  4|  feet  above  the  water- 
level,  and  sounded  out  into  the  Mokelumne,  making  also  six  lines  of  soundiugs  across 
the  stream  in  the  last  mile  aud  a  half  of  its  course,  and  found  that  1  could  carry  out 
10  feet  in  depth  for  a  width  of  frdm  40  to  50  feet.  As  I  do  not  believe  that,  eveu  in  the 
driest  season,  the  water  can  be  more  than  from  1|  to  2  feet  lower  than  when  I  saw  it, 
and  as  the  large  freight-boats  draw  from  6  to  7  feet  wheu  loaded,  I  am  quite  certain 
that  no  trouble  from  lack  of  water  can  occur  iu  the  Georgiuua  Slough  as  long  as  it 
retains  its  present  character. 

I  made  three  measurements  of  the  velocity  of  the  current,  getting  results  varying 
from  H  to  2  miles  per  hour,  these  observations  beiug  taken  near  tbe  middle  of  the  ebb, 
so  as  to  obtaiu  nearly  a  maximum. 

Tbe  current  may  be  said  to  be  almost  always  down,  though  probably  a  very  high 
spring-tide,  occurring  in  an  extreme  low  stage  of  tbe  rivets,  would  reverse  it — at  all 
events  iu  the  lower  part  of  the  slough.  At  tbe  time  of  my  visit  the  current  was  sensi- 
bly down  about  4  miles  from  tbe  mouth  of  the  slough,  at  the  top  of  a  very  high  tide. 

There  are,  of  course,  two  tides  in  the  slough,  one  large,  the  other  small,  correspond- 
ing to  those  iu  the  bay,  but  occurring  about  six  hours  later.  Tbe  ebb  of  a  la'ge  spring- 
tide runs  from  eight  to  nine  hours,  the  flood,  three  or  four;  for  small  tides,  the  dura- 
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tions  of  the  ebb  and  flood  are  about- eqnal.    During  a  course  of  spring- tides  the  large 
high- water  rises  from  4  to  5  feet,  the  small  from  2  to  3. 

The  improvement  of  the  slough  resolves  itself,  then,  into  the  removal  of  snags  and 
overhanging  trees.  Though  a  large  freight-steamer  has  been  through  the  slough  within 
the  last  three  months,  and  trips  are  sometimes  made  by  boats,  for  special  purposes,  as 
far  as  West  fall's  ranch,  6  miles  from  its  head,  still  it  cannot  be  considered  navigable 
while  steamers  only  venture  in  with  great  reluctance  and  at  much  risk ;  for  while  the 
slough  is  wide  and  deep  enough  as  it  stauds,  yet,  owing  to  the  rapid  current,  a  vessel 
is  likely  to  be  thrown,  in  passing  bends,  against  one  or  the  other  bank,  which,  in  their 
present  condition,  would  probably  cause  its  loss. 

To  make  it  perfectly  safe,  then,  requires  the  removal,  first,  of  all  snags   in  the 
channel;  second,  of  all  roots  of  large  size  projecting  from  the  concave  bank  in  bends; 
and,  third,  of  all  large  overhanging  trees  similarly  situated. 

For  these  purposes  I  submit  the  following  estimate : 

Projecting  roots  in  bank $300  00 

For  removing  wreck  of  small  schooner  sunk  in  channel 200  00 

Two  rafts  of  snags  interlaced  with  brush 300  00 

200  overhanging  trees  on  concave  side  of  bends 2,000  00 

200  snags  in  channel,  at  $55  per  snag 11,000  00 

Total 13,800  00 

Add  for  contingencies 1,200  00 

Total 15,000  00 

The  advantages  to  be  gained  in  opening  Georgiana  Slough  for  navigation  should  be 
considered  under  two  heads,  viz  : 

1.  The  local  benefit  to  the  property-owners  on  the  banks. 

2.  The  general  advantage  to  the  internal  navigation  of  this  part  of  the  State. 

On  the  right  bank  of  the  slough  is  A  minis  Island.  This  is  entirely  leveed  and  in  a 
high  state  of  cultivation,  the  inner  portion  devoted  principally  to  grain,  and  the  bank 
bordering  on  Old  River  to  fruit.  Drawing  a  line  through  the  middle  of  the  island  so 
as  to  separate  the  portion  whose  products  would  naturally  seek  the  Old  River  from 
that  bordering  on  Georgiana Slongh,  I  find  that  there  are  about  3,000  acres  for  which  the 
slongh  would  be  the  more  convenient  outlet,  apparently ;  but  when  we  consider  that, 
first,  the  Old  River  being  the  present  navigable  stream,  most  of  the  ranch-owners  and 
cultivators  live  on  its  bank;  second,  that  the  island,  being  dry,  can  be  crossed  any- 
where by  a  road  without  trouble;  third,  that  the  distance  from  the  slough  to  Old 
River  is  nowhere  more  than  a  mile,  and  in  most  places  much  less ;  and,  lastly,  that 
roost  of  the  ranches  extend  entirely  across  the  island,  it  may  be  doubted  whether  the 
opening  of  Georgiana  Slough  would  be  of  any  sensible  advantage  to  Andrus  Island,  or 
even  that,  in  case  it  were  opened,  the  products  of  the  island  would  seek  that  channel 
in  preference  to  the  present  one  down  the  Old  River. 

Pnrsing  the  same  conrse  with  Tyler  Island,  I  find  4,400  acres  of  it  nearer  the  slough 
than  the  north  fork  of  the  Mokeluinne,  which  forms  its  eastern  boundary,  and  is  a 
navigable  stream. 

But  of  this  a  certain  portion  near  the  northern  end,  say  400  acres,  must  be  deducted, 
since  it  can  and  does  atpresent  find  a  convenient  outlet  through  Old  River;  and  this 
portion  includes  nearly  all  of  the  island  which  is  at  present  under  cultivation.  For 
the  rest,  now  unreclaimed,  Georgiana  Slongh  affords  the  only  practicable  chauuel  to  a 
market,  since  the  alternatives  are,  first,  to  ferry  across  the  slough  and  haul  to  Old  River; 
second,  to  haul  across  the  low  and  marshy  Tyler  Island,  for  distances  varying  from  I 
to  3  miles,  to  the  north  fork  of  the  Mokelumne,  both  of  which  may  be  regarded  as 
practically  prohibitive. 

The  local  advantages  of  the  proposed  improvement  may  then  be  summed  up  as  those 
to  be  derived  by  the  owners  of  land  on  that  half  of  Tyler  Island  bordering  on  the 
slough  from  a  point  1  mile  below  its  head  to  its  month,  say  4,000  acres,  the  reclama- 
tion of  which  it  would  probably  at  once  render  profitable  and  greatly  hasteu. 

Now,  with  regard  to  the  part  taken  by  the  slough  in  the  internal  navigation  of  the 
State.  • 

Formerly  a  line  of  steamers  ran  regularly  through  it  between  Sacramento  and 
Stockton. 

Taken  in  connection  with  the  Old  River  and  Mokelumne,  it  forms  a  cross-cut  from 
the  Sacramento  to  the  San  Joaquin,  and  effects  between  all  points  on  the  latter  above 
the  mouth  of  the  Mokelumne,  and  all  points  on  the  former  above  the  head  of  Old  River, 
a  saving  in  distance  of  about  30  miles — that  is  to  say,  it  is  30  miles  shorter  to  go  from 
the  month  of  the  Mokelumne  up  through  Georgiana  Slough  to  Sacramento  than  by  the 
San  Joaquin  to  its  juuctiou  with  the  Sacramento  at  Collinsville,  and  thence  up  the 
latter  stream. 

Undoubtedly  this  would  be  an  advantage,  for  I  am  told  that  there  is  often  a  better 
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market  in  Sacramento  for  hay,  potatoes,  barley,  &.C.,  the  chief  products  of  this  region, 
than  in  San  Francisco,  and  that  consequently  freight,  at  certain  seasons  of  the  year, 
seeks  to  go  and  is  sent  from  points  on  the  San  Joaquin  and  Mokelumne  Rivers  to  the 
former  place.  Still,  much  of  this  traffic  would  probably  use  sailing-vessels,  to  whom 
the  superior  width  and  convenience  of  the  main  rivers  would  do  much  to  compensate 
for  the  increased  distance  by  them  ;  and  as,  after  all,  the  main  market  for  the  products 
of  the  land  on  both  rivers  will  be  always  in  San  Francisco,  it  does  not  seem  to  me  that 
the  openiug  of  Georgian  a  Slough,  though  undoubtedly  a  convenience  much  desired  by 
river-men,  is  at  present  demanded  by  the  general  navigation  interests  of  the  State.  I 
append  a  tracing  showing  the  relative  position  and  course  of  the  Old  River,  Georgiana 
Slough,  and  the  Mokelumne,  together  with  the  holdings  of  the  property-owners  on 
Andrus  and  part  of  Tyler  Islands. 
Respectfully  submitted. 

A.  H.  Payson, 
First  Lieut  of  Engineer*. 
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AXNUAL  REPORT  OF  LIEUTENANT  COLONEL  C.  SEAFORTH 
STEWART,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30, 1877. 

United  States  Engineer  OFFrcE, 

San  Francisco,  CaL,  July  5,  1877. 

Sir:  I  have  the  honor  to  transmit  herewith  annual  reports  for  the 
year  ending  Juue  30, 1877,  of  the  river  and  harbor  improvements  iu  my 
charge. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

C.  Seaforth  Stewart, 

Lieut.  CoL  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 


II  i. 

IMPROVEMENT  OF  THE  HARBOR  AT  SAN  DIEGO,  CALIFORNIA. 

The  San  Diego  River  formerly  emptied  iuto  False  Bay.  Many  years 
since,  during  a  freshet,  its  course  was  changed  to  the  southward  and 
its  waters  poured  into  the  harbor  of  San  Diego.  For  a  long  time  more 
or  less  of  the  sand  aud  soil  brought  down  by  the  river  has  been  depos- 
ited in  this  harbor  to  its  great  injury.  To  prevent  further  damage  it 
has  been  proposed  to  turn  the  river  back  iuto  False  Bay. 

The  works  plauned  for  this  purpose  consist  essentially  of  an  artificial 
water- way,  starting  from  a  point  in  the  bed  of  the  river  near  the  Pre- 
sidio Hill  and  thence  leading  to  a  slough  which  empties  into  False  Bay, 
near  the  northern  extremity  of  Point  Loina  peninsula ;  of  the  tilling  in 
of  the  old  bed  where  necessary  to  turu  the  waters  into  the  artificial 
channel,  and,  on  the  south  side  of  the  latter,  of  a  levee  about  1£  miles 
long  from  the  Presidio  Hill  to  Point  Loin  a  peninsula,  to  prevent  the 
water  when  overflowing  the  banks  of  the  channel  from  finding-  again  an 
outlet  across  the  plain  iuto  Sau  Diego  Harbor. 

In  plan  the  longitudinal  axis  of  the  embankment  is  an  arc  of  a  circle 
whose  radius  is  11,139  feet,  and  whose  convexity  is  to  the  north.  The 
width  on  top  was  to  be  23  feet,  the  side  slopes  §,  the  height  6  feet.  At 
the  foot  of  the  fore-slope  a  trench  was  to  be  dug,  4  feet  wide  at  bottom, 
with  side  slopes  of  ^,  or  as  steep  ns  th£  light  sandy  soil  would  allow, 
and  to  a  depth  where  water  should  be  reached.    The  treuch  was  to  be 
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filled  with  stone  to  the  level  of  the  natural  surface  of  the  ground.  On 
this  stone  substructure  was  to  rest  the  foot  of  the  dry  cobble  stone  fac- 
ing of  the  fope-slope  of  the  levee;  the  thickness  of  this  facing  being  for 
2,500  feet  from  the  east  end  of  the  embankuieut  3  feet  measured  hori- 
zontally, and  but  2  feet  for  the  rest  of  the  way.  To  the  north  of  the 
levee  a  berro  was  to  be  left  100  feet  wide ;  theu  the  excavated  channel- 
way,  on  top  150  feet  wide,  on  the  bottom  100  feet ;  the  south  slope  with 
a  base  of  50  feet,  the  northern  vertical,  or  that  taken  by  the  earth.  The 
average  depth  of  channel  to  be  1.6  feet. 

Messrs.  Howard  Schuyler  and  George  A.  Johnston,  the  contractors 
for  earth  and  stone  work,  broke  ground  on  the  5th  of  June,  1876,  and 
on  the  30th  of  that  month,  the  end  of  that  fiscal  year,  had  built  and 
faced  with  stone  a  running  length  of  350  feet  of  the  eastern  eud  of  the 
levee  and  had  begun  the  excavation  of  the  channel- way  aud  the  con- 
struction of  the  embankineut  at  the  west  end.  It  was  found  that  dur- 
ing the  previous  winter  the  river  had  washed  away  much  of  the  mate- 
rial at  the  east  end  of  the  proposed  work,  and  that  the  little  left  was 
unsuitable  for  the  construction  of  this  part,  which  was  that  most  ex- 
posed to  the  attacks  of  the  river.  Authcfrity  was  therefore  obtained, 
at  the  beginning  of  the  present  fiscal  year,  for  the  contractor,  under  a 
special  agreement,  to  take  clay  from  the  Presidio  Hill  and  build  with  it 
a  length  of  some  2,300  feet  of  the  east  end  of  the  levee.  Owing  to  the 
extra  quality  of  the  material  used  and  its  additional  cost,  the  width  of 
levee  at  top,  for  the  length  mentioned,  or  thereabouts,  was  reduced  to 
16  feet.  The  remainder  of  the  embankment,  made  of  the  light  material 
taken  from  the  excavation  of  the  channel-way,  was  kept  on  top  of  the 
full  width  of  23  feet. 

The  trench  for  foot-wall  for  this  eastern  portion  of  the  work  was,  for 
greater  security,  dug  to  a  depth  of  5.5  feet,  with  a  uniform  width  at 
bottom  of  4  feet,  varyiug  at  top  from  8  to  17  feet.  Thence  the  depth 
diminished  gradually  to  3  feet  at  the  western  end. 

The  entire  facing  of  the  fore-slope  of  the  levee  was  of  smooth,  hard 
cobble-stones  laid  by  hand,  and  the  greater  part  of  the  foot-wall  was 
made  of  like  material.  The  whole  work  contracted  for  was  finished  on 
the  6th  of  November,  1876,  about  five  months  after  breaking  ground, 
and  nearly  twro  months  earlier  than  the  limit  set  in  the  coutracts. 

Judging  from  my  own  inspections  and  from  the  reports  of  Lieut. 
John  H.  Wecden,  the  engineer  officer  in  local  charge,  Messrs.  Schuyler 
&  Johnston  di'd  the  work  in  the  most  thorough,  satisfactory,  and  work- 
manlike manner.  This  was  due  to  the  fact  that  Mr.  Schuyler,  an 
engineer  of  skill  and  experience  in  railroad  construction,  personally 
supervised  the  work. 

Owing  to  the  extra  quantity  of  stone  required  in  bad  soil  to  give 
greater  security  to  the  foot  of  the  levee,  it  was  impossible  to  fence  in 
the  works  and  pay  the  necessary  contingent  expenses  of  the  construc- 
tions. So  far,  if  reports  can  be  relied  on,  a  fence  has  not  proved  a 
necessity. 

Hereafter,  should  it  be  thought  best  to  plant  the  berm^vith  trees,  a 
fence  would  be  required  to  protect  them  from  the  cattle  allowed  to  roam 
over  the  plain.  To  protect  the  fence  from  the  attacks  of  irresppnsible 
persons,  one  or  two  watchmen  would  be  necessary,  and  to  pay  them, 
annual  appropriations  would  have  to  be  made.  During  the  past  wiuter 
there  have  been  no  floods  in  the  river  to  test  the  works.  Their  value 
and  what  may  be  the  cost  of  yearly  repairs  can  only  be  ascertained  by 
the  experience  of  future  years. 

In  the  past  fiscal  year  87,261.503  cubic  yards  of  earth  have  been  exca- 
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vated,  forming  in  position  7,384.64  running  feet  of  levee.  The  amount 
of  stoue  procured  and  put  into  the  foot-wall  and  facings  of  this  embank- 
ment, during  the  same  time,  amounted  to  13,020.68  cubic  yards  meas- 
ured in  the  work. 

The  whole  length  of  levee  and  artificial  channel-way,  as  completed,  is 
reported  to  be  7,734.64  feet,  and  the  whole  amount  of  earth  excavated 
aud  used  for  the  embankment,  since  the  breaking  ground,  is  given  as 
91,628.503  cubic  yards ;  that  of  stone  iu  place  beiug  13,454.68  cubic  yards. 

The  cost  of  the  works  finished  has  been  $79,798.72 ;  the  amount  appro- 
priated having  been  $80,000. 

This  improvement  is  situated  in  the  collection-district  of  San  Diego,  which  town  is 
the  nearest  port  of  entry. 

The  nearest  light-house  is  Point  Loma  light.  Th«  nearest  fort  is  that  recently  begun 
at  Ballast  Point,  at  the  entrauce  to  the  harbor  of  San  Diego.  The  amount  of  revenue 
collected  at  this  port  of  entry  during  the  past  fiscal  year  is  reported  as  §5,080.03. 

The  benefit  to  commerce  and  navigation  from  this  work  will  be  that 
due  to  the  conservation  of  the  only  good,  landlocked  harbor  on  our 
Pacific  coast,  south  of  San  Francisco,  so  long  as  the  San  Diego  Kiver 
shall  be  kept  from  emptying  therein. 

Money  statement. 

Jnly  1,  1876,  amount  available $74,182  49 

July  1,  H77,  amount  expended  during  fiscal  year 73,9:41  21 

Jnly  1,  1877,  amount  available 201  28 


LIST  OF    PRINCIPAL    EXPORTS    SHIPPED    FROM  THE    PORT    OF    SAN    DIEGO,  CALIFORIA, 

FROM  JULY   1,   lo76,  TO  JUNE   30,   1877,  INCLUSIVE. 

Honey,  in  comb,  pounds  net 686,005 

Honey,  strained.  &c,  pounds  net 156, 185 

Bees- wax,  pounds  net.... 7,275 

Hides,  dry  and  salt,  pounds  net 120,620 

Tallow,  pounds  net 10,900 

Pelts  and  skins,  dry  and  salt,  pounds  net 36,019 

Fish,  pounds  net 224,540 

Wool,  pounds  net 1, 051,061 

Salt,  pounds  net 158, 147 

Flour,  pounds  net 200,000 

Leather,  pounds  net 8,400 

Whale  oil,  barrels 1,029 

Potatoes,  pounds 8,848 

Eggs,  dozen 445 

Ore,  silver,  pounds 40,467 

Bees,  hives 26 

Bees,  boxes - 82 

Wheat,  pounds 3,498,856 

The  above  is  a  carefully  compiled  statement. 

J.  H.  Simpson, 

Local  Agent  Pacific  Coast  Steamship  Company* 


II   2. 

IMPROVEMENT  OF  SAN  JOAQUIN  RIVER,  CALIFORNIA. 

The  expenditure  of  the  $20,000  appropriated  August  14, 1876,  for  this 
work  having  been  authorized  in  March  last,  an  examination  of  the  river 
was  made  in  that  month. 


1000        REPORT  OP  THE  CHIEF  OF  ENGINEERS. 

It  is  proposed  to  survey  those  portions  below  Stockton  where  naviga- 
tion is  most  impeded  so  soon  as  the  low  stage  of  water  is  attained,  and, 
if  necessary,  contract  in  the  usual  manner  for  the  removal  of  the  shoals 
by  dredging. 

Money  statement. 

Amount  appropriated  by  act  approved  August  14, 1876 $20,000  00 

July  I,  1877,  amount  expended  during  fiscal  year 6  80 

July  1, 1877,  amount  available 19,993  20 

Amount  (estimated)  required  for  completion  of  existing  project 19, 993  20 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1^79.     19, 993  20 
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ANNUAL  REPORT  OF  MAJOR  JOHN  M.  WILSON,  CORPS  OP 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 
1877. 

United  States  Engineer  Office, 

«    Portland,  Or  eg.,  June  30,  1877. 

General  :  I  have  the  honor  to  transmit  herewith  my  annual  reports 
for  the  fiscal  year  ending  June  30,  1877,  upon  the  works  of  river-im- 
provement under  my  charge. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 

Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 


jji. 

IMPROVEMENT  OF  THE  LOWER  WILLAMETTE   AND   COLUMBIA    RIVERS 

FROM  PORTLAND,  OREGON,  TO  THE  SEA. 

The  difficulties  to  be  overcome  in  opening  the  channel  for  deep- 
draught  vessels  through  the  various  bars  from  Portland  to  the  sea 
were  fully  set  forth  in  my  annual  report  for  the  fiscal  year  ending  June 
30,  1876,  and  the  subject  of  the  improvement  of  this  stretch  of  naviga- 
tion has  been  carefully  considered  by  the  Board  of  Engineers  of  the 
Pacific  coast. 

The  report  of  the  Board  having  been  submitted  to  the  Chief  of  Engi- 
neers, and  approved  by  him,  it  is  not  deemed  necessary  to  again  describe 
the  various  bars  in  the  Lower  Willamette  and  Columbia  Rivers. 

OPERATIONS  DURING  THE  FISCAL  YEAR. 

By  the  act  of  Congress  approved  August  14,  1876,  an  appropriation 
of  $20,000  was  made  for  this  work,  which  it  was 'determined  to  expend 
in  excavating  channels  through  tbe  bars  at  Swan  Island,  Post-Office 
Bar,  mouth  of  the  Willamette,  and  Saint  Helen's. 

The  extraordinary  freshet  of  1870,  which  reached  a  height  of  28.2 
feet  above  low-water  on  June  24,  1876,  commenced  to  abate  on  that 
day,  and  on  August  11,  1876,  the  river  being  still  10  feet  above  low- 
water,  the  work  of  excavation  was  commenced  with  the  United  States 
dredge  at  the  bar  at  the 

MOUTH  OF  THE  WILLAMETTE  RIVER, 

Careful  surveys  made  at  this  locality  show  that  the  fall  in  the  Willa- 
mette from  the  head  of  Willamette  Slough  to  the  mouth  of  the  river,  a 
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distance  of  3f  miles,  is  absolutely  nothing  at  ordinary  low-water.  The 
consequence  is,  that  when  the  Columbia  commences  to  rise  the  whole 
volume  of  the  Willamette  passes  through  the  slough  while  the  Colum- 
bia water  runs  up  the  Willamette,  a  large  portion  passiug  down  through 
Coon  Island  Slough,  and  a  still  greater  portion  down  the  Willamette 
Slough. 

The  bar  at  the  mouth  of  tl*&  "Willamette  is  formed  bv  the  Columbia 
freshets,  aud  the  tilling  this  year  was  greater  than  usual,  being  from  3 
to  6  feet. 

Work  was  commenced  with  the  dredge  on  August  11  and  continued 
with  various  interruptions  from  breakage,  &c,  until  September  1,  dur- 
ing which  period  a  channel  700  feet  long,  101)  feet  wide,  and  16.$  feet 
deep  at  low-water  was  opened  by  removing  5,875  cubic  yards  of  sand  ; 
no  trouble  was  therefore  experienced  by  vessels  on  this  bar  throughout 
the  year. 

The  dredge  was  then  towed  to 

POST-OFFICE  BAR, 

about  3  miles  above  the  mouth  of  the  river  and  just  below  the  entrance 
to  the  Willamette  Slough,  where  work  was  at  once  commenced  and  was 
continued  until  October  12.  During  this  period  a  channel  3,000  feet 
long,  40  feet  wide,  and  17  feet  deep  at  low-water  was  opened  by  remov- 
ing 10,935  cubic  yards  of  mud  and  sand.  The  cause  of  this  bar,  and  the 
proposed  plan  for  removing  it,  are  fully  set  forth  in  the  report  of  the 
Board  of  Engineers;  the  tilling  during  the  winter  and  spring  had  been 
slight  compared  with  that  at  the  mouth  of  the  Willamette,  but  was  suf- 
ficient to  require  the  dredge  to  work  for  the  period  mentioued,  and  had 
circumstances  permitted,  the  deep  channel  would  have  been  made  100 
feet  wide  instead  of  40  feet. 
The  dredge  was  then  towed  to  9 

SWAN  ISLAND  BAR, 

2£  miles  below  Portland,  and  operations  were  continued  until  Novem- 
ber 15,  when  they  were  suspended  for  the  season  on  account  of  the 
freshet  iu  the  Willamette  River.  Much  delay  occurred  here  from  break- 
age arising  from  heavy  drift-logs  which  had  lodged  in  and  on  the  bar; 
the  channel  was,  however,  widened  and  deepened  at  various  points; 
4,475  cubic  yards  of  mud,  saud,  gravel,  &c,  having  been  removed  from 
the  bar. 

On  November  16  tlje  dredge  was  placed  in  winter  quarters,  and  the 
crew,  with  the  exception  of  the  engineer  and  watchman,  discharged. 

The  river  fell  again  early  in  December,  and  work  could  have  been 
carried  on  during  a  portion  of  that  month  and  January,  but  the  freshets 
at  that  season  rise  so  suddenly,  that  it  was  not  deemed  advisable  to  ship 
a  crew  and  start  work  for  fear  it  could  be  continued  only  for  a  day  or 
two.  In  March,  1877,  the  Willamette  at  Portland  rose  to  a  height  of 
19  feet  above  low-water.  With  the  exception  of  some  slight  trouble  on 
Swan  Island  Bar  during  the  extreme  low-water  in  January,  no  difficulty 
was  experienced  in  the  Willamette  River  below  Portland  with  any  ves- 
sel that  could  cross. 

SAINT  HELEN'S  BAR,  COLUMBIA  RIVER. 

Iu  the  last  annual  report  reference  was  made  to  a  cut  that  had  been 
dredged  through  the  upper  end  of  Saint  Heleu's  Bar,  aud  the  possibility 
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of  maintaining  a  channel  at  that  locality.  Upon  the  subsidence  of  the 
freshet  of  1876,  it  was  fouud  that  not  only  had  this  cut  been  filled,  but 
that  also  the  main  ship-channel  at  the  lower  end  of  the  bar  hitherto 
used  by  deep-draught  vessels  had  been  closed,  the  depth  being  reduced 
from  about  16  to  13  feet  at  low-water;  the  same  freshet,  however, 
opened  a  new  channel  a  few  hundred  feet  below  the  cut  dredged  in 
1875-'7C,  at  the  narrowest  portion  of  the  bar,  and  increased  the  depth 
for  a  width  of  about  300  feet  from  about  12  to  16  feet  at  low- water. 

Buoys  were  placed  at  this  locality,  and  the  channel  was  used  during 
the  fall  and  winter  of  1876-77  ;  an  examination  in  the  spring  of  1877 
showed  that  the  line  of  deepest  water  had  shifted  slightly  during  the 
vinter;  considerable  change  is  expected  from  the  freshet  of  1877,  now 
in  progress. 

SURVEYS  DURING  THE   YEAR. 

In  accordance  with  instructions  from  the  Board  of  Engineers  of  the 
Pacific  coast,  extensive  and  elaborate  surveys  have  been  made  during 
the  year,  under  ray  direction,  of  the  Lower  Willamette  River,  the  Wil- 
lamette Slough,  the  Columbia  River,  in  the  vicinity  of  Saint  Helen's, 
and  of  Snag  Island  Bar,  above  Tongue  Point.  These  surveys  iuclude 
the  shorelines,  soundings,  volume,  velocity,  &c,  aud  the  results  are 
folly  set  forth  in  the  interesting  report,  transmitted  herewith,  of  Assist- 
ant Engineer  R.  A.  Habersham,  to  whom  I  am  indebted  for  able,  ener- 
getic, and  earnest  assistance  not  only  upon  this  work,  but  also  upon 
others  under  my  charge. 

The  survey  of  Snag  Island  Bar  gave  a  depth  of  not  less  than  15  feet 
at  low-water,  with  two  flood-tides  daily  of  from  6  to  8  feet. 

BAR*  AT  THE  MOUTH  OF  THE  COLUMBIA. 

There  is  presented  with  this  report  a  chart  of  the  bar  at  the  mouth  of 
ttoeColuuibia  River,  Oregon, prepared  from  surveys  made  under  my  direc- 
tion daring  the  summer  of  1876 ;  it  is  hoped  that  this  chart  will  be  pub- 
lished for  the  benefit  of  mariners.  It  will  be  observed  that  there  is  a 
wi<le  channel  over  the  bar  with  a  depth  of  not  less  than  20£  feet  at  low- 
*ater ;  there  are  two  tides  daily,  with  a  rise  of  from  7  to  9  feet.  This  bar 
has,  I  believe,  an  undeservedly  bad  reputation ;  properly  buoyed,  I  think 
ft  no  more  dangerous  than  that  at  Sandy  Hook,  New  York  ;  of  course 
there  are  occasions  when,  from  violent  southwest  gales,  it  becomes  furi- 
ous and  breaks  clear  across,  but  the  occasions  are  seldom  wheu  a  vessel 
cannot  cross  with  safety. 

SURVEY  OP  SAND  ISLAND,  MOUTH   OF  COLUMBIA. 

The  annual  survey  of  Sand  Islaud  was  made  in  May,  1877,  and  showed 
an  erosion  of  about  200  feet  ou  the  weather  face  and  a  gain  of  from  200 
to  400  feet  on  the  lee  face  since  the  survey  of  1876 ;  this  island  has 
moved  about  1,800  feet,  nearly,  due  north  in  the  last  nine  years,  its  super- 
ficial area  remaining  about  the  same  and  its  shape  being  slightly 
changed. 

[THE  UNITED  STATES  DREDGE. 

This  dredge  has  been  steadily  engaged  during  the  last  five  years, 
whenever  the  freshets  would  admit,  in  excavating  the  channels  through 
the  various  bars;  it  is  of  the  Morris  &  Cumings  pattern,  aud  while  ex- 
cellent for  mud.  the  bucket  holds  with  difficulty  the  very  fiue  sand  of 
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the  Columbia  River  bars ;  it  seldom,  if  ever,  on  this  work,  excavates 
more  than  350  cubic  yards  per  day. 

During  the  coming  season  it  is  proposed  to  continue  work  as  soon  as 
the  freshet  will  admit,  dredging  the  channels  through  the  various  bars 
between  Portland  and  Saint  Helen's;  this  is  necessary  in  order  to  keep 
open  navigation,  the  funds  available  not  being  sufficient  to  construct 
either  of  the  dams  recommended  by  the  Board  of  Engineers :  whenever 
funds  are  available,  the  first  work  to  be  undertaken  should  be  that  of 
partially  closing  the  Willamette  Slough.  Surveys  will  also  be  continued 
for  tbe  further  investigation  of  the  regimen  of  the  Willamette  River  in 
the  vicinity  of  Swan  Island  Bar,  and  of  that  of  the  Columbia  at  Saint 
Helen's  Bar. 

The  following  information,  required  by  the  act  of  Congress  approved 
June  23, 1866,  is  respectfully  submitted  : 

The  appropriations  for  this  work  have  Wen  as  follows : 

Act  of  June  23,  1866,  kower  Willamette $15,000  00 

Act  of  March  2,  1867,  Lower  Willamette 30,000  00 

Act  of  July  25, 1868,  Lower  Willamette 21,000  00 

Act  of  April  10,  1869,  (allotted) 13,365  00 

Act  of  July  11,1870,  Lower  Willamette 31,000  00 

Act  of  June  10,  1872,  Lower  Willamette 50,000  00 

Act  of  March  3,  1873,  Lower  Willamette  aud  Columbia 20,000  00 

Act  of  June  23,  1874,  Lower  Willamette  and  Columbia 20, 000  CO 

Act  of  March  3,  1875,  Lower  Willamette  and  Columbia 20,000  00 

Act  of  August  14,  1876,  Lower  Willamette  and  Columbia 20,000  00 

Total £40,365  00 

Of  this  amount  $221,780.46  has  been  expended  to  date,  building  dredge, 
scows,  and  dike,  and  iu  dredging  and  surveying  bars. 

The  project  now  submitted  calls  for  the  construction  of  dams  at  Swan 
Island,  Willamette  Slough,  mouth  of  the  Willamette,  aud  Saint  Helen's 
Bar,  the  estimated  cost  of  which  is  $298,974;  of  this  amount  $150,000 
can  be  profitably  expended  during  the  next  fiscal  year. 

COMMERCIAL  STATISTICS. 

There  are  two  ports  of  entry  on  these  rivers:  Astoria,  12  miles 
from  the  month  of  the  Columbia,  and  Portland,  12  miles  from  the 
mouth  of  the  Willamette,  or  about  120  miles  from  the  mouth  of  the  Co- 
lumbia. 

Astoria  statistics. 

I  am  indebted  to  Mr.  J.  D.  Merryman,  deputy  collector  of  customs  at 
Astoria,  for  the  following  information,  showing  the  commerce  of  that 
port  from  July  1,  1876,  to  June  1,  1877 : 

The  amount  of  revenue  collected  during  the  period  mentioned  was  $26,378;  tbe 
value  of  the  imports  was  $24,315,  and  of  the  exports  $1,488,929.  The  nnmber  of  vessels 
entering  on  the  coasting  trade  was  153,  with  an  aggregate  tonnage  of  1^6,798  tons,  and 
on  foreign  trade  27,  with  an  aggregate  tonnage  of  23,398  tons.  The  number  of  vessels 
clearing  on  coasting  trade  was  144,  with  an  aggregate  tonnage  of  171,089  tons,  and  on 
foreign  trade  50,  with  an  aggregate  tonnage  of  41,475  tons. 

Tortland  statistics. 

To  Mr.  S.  N.  Sliurtleff,  deputy  collector  at  Portland,  Oreg.,  I  am  in- 
debted for  tbe  following  information  in  reference  to  the  commerce  of  this 
city  from  July  1,  1876,  to  Juue  1,  1877: 
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The  amount  of  revenue  collected  daring  the  11  months  of  the  present  Ps  ;al  year  was 
$125,317.10. 
The  value  of  the  imports  was  as  follows  : 

By  American  vessels $193,274  00 

Byforeign  vessels 195,202  00 

Total 388,476  00 

These  were  divided  as  follows : 

Free  commodities * V. $?45,864  00 

Dutiable  commodities 142,612  00 


Total 388,476  00 

The  value  of  the  exports  was  as  follows : 

By  American  vessels §248,575  00 

Byforeign  vessels 2,260,584  00 

Total '. 2,509,159  00 

The  exports  were  as  follows : 

Wheat,  1,840,133  bushels,  valued  at $1,965,381  00 

Flour,  93,126  barrels,  valued  at 484.521  00 

Bran,  174,856  pounds,  valued  at 1,812  00 

Middlings,  48,378  pounds,  valued  at 1,007  00 

Chops,  9,987  pounds,  valued  at 146  00 

Other  commodities 56,292  00 


Total 2,509,159  00 

The  number  of  vessels  entering  this  port  was  as  follows : 


Claw. 

"With  cargoes. 

In  ballast. 

Number. 

Tonnage. 

Crews. 

Number. 

Tonnage. 

Crews. 

109 
10 
14 

104,  549 
4,223 
9,317 

3,989 
179 
237 

o 

0m 

42 

"*i,923 
32, 949 

34 

816 

Total 

133 

118,089 

4,405 

44 

34,  e72 

850 

The  number  of  vessels  clearing  was  as  follows  : 


Class. 

With  cargoes. 

Number. 

Tonnage. 

Crews. 

Coastwise 

70 
23 
60 

85,  470 
12,Wi4 
45, 962 

3,433 

American  vessels,  foreign 

541 

1,132 

Total '. 

153 

144,296 

5,106 

Recapitulation. 

Total  amount  of  revenue  collected  at  Portland $125,317 

Value  of  the  imports 388,476 

Value  of  the  exports 2,509,159 

* 

One  hundred  and  seventy-seven  vessels,  with  an  aggregate  tonnage  of  152,961  tons, 
and  cr*ws  amounting  to  5,255  entered,  and  153  vessels,  with  an  aggregate  tonnage  of 
144,296,  and  crews  amounting  to  5,106  cleared.  The  value  of  the  exports  exceeded 
(hat  of  the  imports  by  $2,120,683. 

GENERAL  SHirriNG  STATISTICS. 

From  the  report  of  D.  C.  Ireland,  clerk  of  the  board  of  pilot  commis- 
sioners of  Oregon,  submitted  in  the  report  of  that  board  to  the  legisla- 
tive assembly  at  its  ninth  regular  session  in  1876, 1  quote  the  following: 
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During  the  period  of  2  yea^s  from  the  date  of  this  report,  September  1, 1874,  to  Sep- 
tember 1,  187H,  (afc  which  time  23  vessels,  with  au  aggregate  tonnage  of  13,382  tous, 
were  in  port,)  457  vessels  have  arrived  from  sea  with  an  aggregate  tonnage  of  340,907 
tons,  and  the  various  lleets  that  have  departed  for  sea  within  this  period  have  carried 
an  aggregate  of  310,961  tons  of  Oregon's  products,  embracing  wheat,  flour,  iish,  fruits, 
&c,  valued  at  $11,845,590.27. 

This  very  interesting  report  gives  detailed  statements  showing  the 
name,  tonnage,  draught,  and  value  of  cargo  of  each  vessel  crossing  the  Co 
lumbia  River  Bar,  during  the  period  named,  aud  shows  plainly  the  ex 
tensive aud  growing  commerce  of  this  magnificent  section  of  the  country 
Attention  is  invited  to  the  fact  that  on  April  21,  1876,  the  ship  Samuel 
Watts  crossed  the  Columbia  River  Bar,  going  to  sea,  drawing  23 J  feel 
water  and  having  a  cargo  of  2,034  tous  of  wheat. 

The  following  table,  prepared  by  Mr.  D.  C.  Irelaud,  clerk  of  the  board 
of  pilot  commissioners,  shows  the  export  of  breadstuffs  from  the  Col u in 
bia  River  to  all  ports,  by  seasons,  from  1868  to  1877,  each  season  is  from 
September  1  of  one  year  to  August  31  of  the  next. 

Table  showing  the  exports  of  breadatuffs  from  the  Columbia  River  to  all  ports,  by  seasons, 

from  J 808  to  1877. 


.Season, 
1808- J 8G9. 

Season, 
1809-1870. 

Season, 
1870-1871. 

Season. 
1871  -1872. 

Number  of  centals  of  wheat  exported 

Number  of  barrels  of  flour  exported 

Total  number  of  bushels*  of  wbeat  represent 

Total  value  of  wheat  and  flour  exported 

69,416 
107,  671 

600,212 
$589,  812 

67,489 
182,  998 

935,  972 
|1  059,522 

21*8, 19* 
195, 62* 

1,  277,  304 
$1,546,947 

506,37 
167,90 

1,  599,  54 
$2, 125,  35 

Number  of  centals  of  wheat  exported 

Number  of  barrels  of  flour  exported . 

Total  number  *  of  bushels  of  wheat  rep- 
resented in  exports  of  wheat  and  flour 
Total  value  of  wheat  and  flour  exported. 


Season, 
1872-1873. 


664,  359 
145, 293 

1,  761,  083 
$1  747, 124 


Season, 
1873-le74. 


1, 394, 310 
230,211 

3,  359,  799 
$4,  037,  093 


Season, 
1874-1875. 


1,  402,  871 
255,868 

3,  489,  525 
$3,000,500 


Season, 
1875-1876. 


1,953,018 
230,974 

4,294,413 
$5,  769, 240 


Season. 
1876-1877. 


1,481,79 
195,78 

3,  350, 68 
$3, 759, 17 


*  Centals,  reduoed  to  bushels,  and  in  reducing  barrels  of  flour  to  wheat  4$  bushels  is  estimated  V 
make  one  barrel  of  flour.    The  season  of  1876-77  not  yet  being  closed  the  estimate  is  approximate. 

There  are  two  light-houses  and  two  works  of  defense  at  the  mouth  of  the  Colurubi; 


River. 


Abstracts  of  proposals  and  contracts,  a  statement  of  funds,  the  repor 
of  Assistant  Eugineer  R.  A.  Habersham,  and  charts  of  the  bars  at  tin 
mouth  of  the  Columbia,  Saint  Helen's,  the  mouth  of  the  Willamette 
Post-Office  Bar,  and  Swan  Island,  are  transmitted  herewith. 


Money  statement 

July  1,  1876,  amount  available $9,  093  2 

Amount  appropriated  by  act  approved  August  14,  1^76 20,  000  0 

29,  093  2 
July  1,  1877,  amount  expended  during  fiscal  year 10,  508  7 

July  1,  1877,  amount  available 18,  584  5 

Amount  (estimated)  required  for  completion  of  existing  project 298,974  0 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.   150,000  0 
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report  of  mr.  r.  a,  habersham,  assistant  engineer. 

United  States  Engineer  Office, 

Portland,  Oreg.,  June  8,  1877. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  my  surveys  on  the  Lower 
Willamette  and  Colnmbia  Rivers,  made  iu  accordance  with  your  instructions,  daring 
the  months  of  September,  October,  and  November,  1676,  and  April,  1877,  with  maps 
and  sections  of  the  work,  which  consisted  of  surveys  of  the  shore-lines  of  the  Willa- 
mette, and  included  islands  from  Portland  to  its  mouth,  and  of  the  so-called  Rocky 
Plateau  on  Saint  Helen's  Bar,  Lower  Columbia,  including  soundings,  gaugings,  aud 
borings  of  the  Columbia  and  Willamette  Rivers  and  sloughs,  at  fifteen  different  points 
hereafter  to  be  enumerated,  aud  determination  of -the  high  aud  low  water  profiles  of 
the  two  rivers  between  Portland  and  Saint  Helen's. 

The  sextant  and  transit  were  used  to  measure  angles,  and  the  latter  instrument  also 
in  measuring  distances,  being  furnished  with  two  parallel  horizontal  hairs,  by  means 
of  which  the  distances  were  read  on  a  graduated  rod  to  which  was  attached  a  target 
-with  a  vernier  reading  to  tenths  and  hundredths  of  a  foot.  This  method  of  making 
measurements  in  ordinary  geodetic  work  is  free  from  the  defects  attending  the  use  of 
the  chain  or  tape-line,  such  as  variation  in  length  caused  by  change  of  temperature, 
liability  to  break,  errors  from  rough  ground,  and  in  counting  chains,  gives  at  one  ope- 
ration the  distance  between  two  points,  without  the  delay  of  measuring  the  interven- 
ing space,  dispenses  with  the  services  of  two  cbainmen,  and  in  many  cases  of  one  or 
more  axraeu,  and  is  consequently  reliable,  rapid,  and  economical.  Its  accuracy  may 
be  seen  by  the  close  approximation  of  the  following  measurements,  verified  by  a  metal- 
lic tape-line : 

Feet 

Distance  measured  with  metallic  tape 300.  00 

Distance  ascertained  by  graduated  rod  read  to  hundredths 299. 98 

Distance  ascertained  by  graduated  rod  read  to  hundredths 300. 01 

Distance  ascertained  by  graduated  rod  read  to  hundredths 299. 99 

Distance  ascertained  by  graduated  rod  read  to  hundredths 299. 97 

And  again : 

Distance  measured  with  metallic  tape , 1,644.  CO 

Distance  by  graduated  rod  read  to  tenths .* 1, 044. 00 

This  method  is  much  used  by  French  and  German  engineers  and  surveyors.  Where 
the  ground  has  an  inclination  along  the  line  measured  of  more  than  10c,  a  correction 
U  applied  to  the  sights  to  obtaiu  the  true  distance. 

BORING. 

0 as- pipe,  one  inch  in  diameter,  in  sections  10  feet  long,  screwed  on  successively  as 
required,  was  used  in  this  part  of  the  work.  When,  as  was  sometimes  the  case,  hard 
bottom  was  encountered,  a  steel  drill  was  attached.  The  instrument  was  worked 
down  by  hand,  the  rod  being  too  slender  to  stand  the  blow  of  a  hammer  without  bend- 
ing, and  a  larger  pipe  meeting  too  much  resistance  to  admit  of  its  being  forced  down 
-without  machinery. 

While  boring,  the  upper  end  of  the  pipe  was  left  open  to  allow  the  material  from  the 
bottom  to  enter.  As  soon  as  the  drilled  depth  (generally  21  feet  below  lowest  water- 
level)  was  reached  the  pipe  was  closed  with  a  cork,  then  withdrawn,  and  its  contents- 
taken  ont.  The  specimens  thus  obtained,  with  others  from  the  shore  at  various  points, 
labeled,  are  in  your  possession.  Three  kinds  of  material  appear :  sand  of  different  de- 
grees of  fineness  from  the  bed  of  the  Willamette  River  and  Slough  and  Saint  Helen's 
Bar ;  gravel  also  from  Saint  Helen's  Bar,  and  clay  from  the  banks  at  several  points 
where  gaugings  were  made.  The  gravel  was  obtained  from  the  so-called  Rocky  Pla- 
teau, a  map  of  which  accompanies  this  report,  and  is  identical  in  kind  with  that  com- 
posing the  gravel  bars  of  the  Upper  Columbia,  containing  fragments  of  granite,, 
gneiss,  qnartz,  agate,  basalt,  &c. 

The  '*  plateau  "  of  gravel  covers  an  area  of  7,200  hy  1,800  feet  to  a  depth  of  from  2  to- 
6  feet,  resting  on  a  bed  of  hard  material,  the  exact  nature  of  which  could  not  be  deter- 
mined without  boring  apparatus  specially  adapted  to  this  work.  It  resisted  the  drill 
worked  by  band,  but  did  not  feel  like  solid  rock ;  rather  like  cobble-stones  and  shingle 
in  this  particular ;  alf-o  resembling  the  bars  above  the  Dalles.  I  consider  the  great 
width  of  the  river  at  this  point  (5,000  feet,  or  50  per  cent,  greater  than  the  average)  as 
an  indication  that  there  is  rock  in  position  at  no  great  depth  below  the  surface  of  the 
gravel,  because,  the  left  side  of  the  channel  being  walled  in  by  a  vertical  basalt  clirF 
200  feet  high,  the  natural  effect  of  the  current  during  freshets  wonld  be  to  cut  out  a 
narrow  and  deep  channel  were  the  bottom  formed  of  soft  material,  as  at  Warrior 
Rock,  2  miles  above,  where  the  channel  is  from  50  to  105  feet  deep  and  only  2,000  feet 
wide. 
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We  kuow  that  the  basaltic-rock  formation  common  to  this  section  of  the  Pacific  coast 
underlies  the  bed  of  the  Columbia  throughout  at  various  depths,  also  that  it  is  not  far 
from  the  surface  in  this  locality,  as  it  crops  out  at  several  places  near  Saint  Helen's. 
The  depth  of  water  on  the  plateau  varies  from  2  to  18  feet.  The  velocity  of  current  is 
from  1  to  14  miles  per  hour  during  the  low  stage,  sufficient  to  carry  the  small  pebbles 
with  which  the  botton  is  covered,  so  that  the  surface  is  continually  changing  shape, 
the  two  bars  near  the  lower  end  moving  steadily  down  stream,  deepening  the  water  at 
this  end  of  the  bar,  and  thus  increasing  the  difficulty  of  keeping  open  the  ship-channel 
at  the  upper  end.  This  constant  change  in  the  form  of  the  bottom  made  it  useless  to 
take  soundings  at  the  usual  short  intervals. 

Saint  Helen's  Bar  is  2  miles  long,  crossing  the  river  diagonally  from  the  foot  of  Saw- 
vie's  Island  to  a  point  nearly  opposite  Columbia  City,  a  landing  situated  1£  miles  below 
the  village  of  Saint  Heleu's.  The  east  bank  of  the  river  from  opposite  Warrior  Rock 
to  the  lower  end  of  the  bar  is  low,  from  5  to  10  feet  above  low- water,  and  is  composed 
principally  of  sand,  with  occasional  veins  of  clay.  It  has  no  stability,  and  yielding  each 
year  to  the  floods,  widens  the  channel,  lessening  the  depth  of  water  on  the  bar,  and 
hastening  the  necessity  for  improvements  at  this  point. 

In  the  bed  of  the  Willamette,  at  all  points  where  I  made  borings,  I  fonnd  only  sand 
to  a  depth  of  nowhere  less  than  21  feet  below  lowest-water  mark.  In  some  places  the 
drill  entered  30  feet.  Occasional  layers  of  gravel  from  1  to  2  inches  thick,  not  compact 
enough  to  impede  the  progress  of  the  drill  to  any  extent,  were  encountered.  I  found 
no  hard  bottom  at  any  point  except  on  the  "  Rocky  Plateau." 

GAUGING. 

The  apparatus  selected  was  substantially  the  same  as  that  nsed  by  General  Ellis  in 
gauging  the  Connecticut  River.  It  consisted  of  two  floats,  surface  and  subsurface,  made 
of  tin ;  the  former  a  double-convex  disk,  water-tight,  and  having  a  socket  in  the  center 
for  holding  a  small  flag  or  other  signal ;  the  latter  an  annul  us,  weighted  with  lead,  to 
be  submerged  to  any  required  depth,  the  two  connected  by  a  copper  wire  .036  of  an 
inch  in  diameter,  of  a  length  varying  with  the  depth  of  water.  A  full  description  of 
the  apparatus  is  given  in  the  report  of  the  Chief  of  Engineers  for  the  year  1875,  vol. 
2,  p.  306. 

The  points  selected  for  gauging  were  generally  (always,  when  practicable)  about  the 
center  of  a  reach,  the  width,  depth,  and  general  direction  of  which  were  sufficiently 
uuiform  to  insure  a  steady  How  of  the  current.  The  operation  was  performed  in  the 
following  manner: 

Haviug  first  measured  the  distance  from  shore  to  shore  on  a  line  at  right  angles  to 
the  general  direction  of  the  current,  and  fixed  solid  stakes  on  the  edge  of  the  water  on 
each  side,  and  range-stakes,  easily  seen  from  any  poiut  on  the  gauge-line,  on  shore, 
100  feet  were  measured  out  into  the  stream,  on  the  gauge-liue,  with  a  line,  the  distance 
marked  by  a  small  anchor  with  buoy  attached,  and  the  depth  measured. 

Two  boats  were  then  auchored,  oue  above,  the  o  her  below  the  gauge-line,  at  the 
center  of  the  section,  or  50  feet  from  shore,  and  connected  by  a  nou-elastic  cord,  on 
which  were  tags  50  feet  apart,  this  distance  being  maintained  by  oue  oarsman  in  the 
lower  boat  pulling  gently  down  stream,  keeping  the  line  taut.  The  floats,  the  wire 
having  been  adjusted  so  as  to  give  the  required  depth  to  the  lower,  were  then  dropped 
into  the  stream  above  the  bow  of  the  upper  boat,  to  enable  them  to  attain  the  full 
velocity  of  the  current  before  reaching  the  upper  tag,  and  allowed  to  drift  down  stream, 
the  moment  of  pasting  the  two  tags  being  noted  by  an  observer  in  each  boat.  This 
-operation  was  repeated  without  changing  the  position  of  the  boats  until  a  sufficient 
number  of  observations  had  been  taken  at  various  depths  to  give  a  close  average  of  the 
velocity  of  the  volume  of  water  passing  through  the  section  at  the  time  of  measure- 
ment. Another  section  of  equal  length  was  theu  measured  and  its  velocity  ascertained 
by  the  same  process,  and  so  on  until  the  entire  river  had  been  measured;  the  sum  of 
the  volumes  of  all  the  sections  giving  the  entire  discharge  of  the  river. 

In  some  cases  the  width  of  the  channel,  as  measured  by  sections,  did  not  correspond 
with  that  previously  ascertained,  known  to  be  correct.  The  discrepancy  was  found  to 
be  due  to  the  necessary  tightening  of  the  line  iu  measuring,  pulling  the  boats  out  of 
position,  and  was  corrected  by  distributing  the  difference  among  the  sections  iu  pro- 
portion to  the  depth  of  water.  Iu  such  cases  the  measurement  by  sections  was  always 
less  than  the  first,  and  the  amount  of  difference  varied  with  the  depth. 

Where  the  channel  was  narrow  and  the  bottom  irregular,  the  depths  and  velocities 
were  taken  at  intervals  of  50  feet  or  less.  The  depths  measured  while  gauging  were 
corrected  from  an  hourly  record  of  the  rise  and  fall  of  the  tid»,  kept  for  that  purpose. 

At  some  points  near  the  mouth  of  the  Willamette  River  and  iu  the  Willamette 
Slough,  where  the  current  is  controlled  to  a  great  extent,  if  not  entirely,  by  the  tides 
of  the  Columbia,  the  flow  was  so  variable  as  to  make  it  impossible  to  make  a  couuected 
measurement  of  the  volume  discharged,  and  I  was  forced  to  mark  the  sections  on  the 
gauge-line  by  small  buoys  anchored,  aud  lake  the  velocities  every  hour  for  a  day  or 
more,  in  order  to  ascertaiu  the  greatest  uuiform  flow.     Uucertaiuty  as  to  the  continu- 
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ance  of  fine  weather,  necessary  for  this  kind  of  work,  decided  me  to  adopt  this  plan  in- 
stead of  waiting  for  more  favorable  tides.  The  season  was  far  advanced,  and  the  win- 
ter raiDs  liable  to  commence  at  any  time,  raising  the  water  and  briugiug  down  quan- 
tities of  drift-wood,  the  former  defeating  my  principal  object,  which  was  to  gauge  the 
rivers  at  the  various  points  selected  during  the  same  stage  of  water,  while  the  latter 
would  have  made  it  dangerous,  if  not  impossible,  to  work  at  all  in  boats. 

The  operations  above  described  are  slow  and  tedious,  and  subject  to  many  interrup- 
tions, such  as  up-stream  winds  and  the  regular  changes  in  the  direction  of  the  tides,  ne- 
cessitating a  suspension  of  the  work  at  times,  drift-wood  carrying  away  anchors,  or 
floats,  waves  from  passing  steamers,  &c.  But  the  plan  of  dividing  the  channel  into 
sections,  and  ascertaining,  by  careful  measurement,  the  volume  passing  through  each, 
is,  upon  the  whole,  the  least  liable  to  undetected  error. 

The  questions  which  belong  to  this  subject  have  been  fully  discussed  in  the  report 
above  referred  to,  in  which  the  various  systems  autl  methods  in  use  for  gauging  streams 
have    been    minutely   explained,  aud  their  respective  advantage   and    defects  com- 
pared, and  I  can  add  little  except  in  the  particular  of  experience  >u  the  working  of  the 
double-float  method.     During  the  last,  fall  1  made  gaugings  at  13  different  points, re- 
quiring over  1,000  current-measurements,  at  depths  of  from  2  to  30  feet,  and  found  that 
1  could  determine  the  speed  of  a  curreut  so  slow  as  to  be  almost  imperceptible  to  the 
eye,  as,  for  instance,  of  5  feet  per  minute,  or  1  mile  in  17£  hours,  with  almost  absolute 
accuracy ;  repeated  observations  at  the  same  point  giving  within  1  per  out.  of  the  same 
result.     Of  course  such  accuracy  cau  only  be  expected  under  the  most  favorable  con- 
ditions, such  as  a  smooth  channel  of  uniform  area  and  cross-sections,  calm  weather, 
and  steady  flow  of  the  tide.    But  tbe  results  obtained  demonstrate  the  capability  of 
the  apparatus.    Its  greatest  defect  is  that  the  sunace-float  is  liable  to  be  retarded  or 
accelerated  by  waves  or  wind,  affecting  the  speed  of  the  lower  float  so  tnnoh  that  reli- 
able lesoltscan  only  be  obtained  when  the  water  is  smooth  and  the  weather  calm.     In 
case  of  error,  the  existence  of  which  will  be  shown  by  discrepancies  between  results 
of  different  measurements  of  the  same  volume,  the  cause  can  be  traced,  and,  if  not  re- 
movable, allowed  for. 

The  gaugings  were  made  during  the  low  stage,  the  water  ranging  from  3  to  4£  feet 
above  zero,  and  the  current  being  slow  and  irregular.  The  results  are  shown  io  the 
following  table : 

Willamette  River,  one-fourth  of  a  mile  below  the  northern  boundary  of  Port- 
land: discharge  in  cubic  feet,  per  minute (1)  786,478 

Opposite  Swan  Island,  through  the  south  channel (2)  530,984 

And  through  the  north  channel (3)  284,531 

Through  both  channels 815,515 

Deducting  the  volume  due  to  rise  in  the  river,  as  shown  ou  the  section-sheets 

annexed 24,042 

Leaves 791,473 

A  difference  of  4,995 ;  due  principally  to  the  increase  of  velocity  attending  the  greater 
height  of  water,  which  cannot  be  stated  accurately  without  more  complete  current- 
me»surements  than  I  could  make.  Six  weeks  later,  the  water  having  ris-n  to  a  height 
of  6.2  feet  above  zero,  I  found  the  discharge  to  be — 

At(l) 3,095,400 

At  (2) •. 1,802,470 

At  (3) 1,369,138 

Tbe  increased  volume  being  due  almost  wholly  to  accelerated  velocity. 

During  tbe  first  week  in  April  last  I  made  additional  current-measurements  at  Swan 
Island,  the  water  at  that  time  ranging  between  10.5  feet  aud  8.5  feet  above  zero  at 
Portland. 

On  the  17th  of  March  the  Willamette  had  been  swollen  by  a  freshet,  tbe  gAuge  at 
Portland  indicating  a  height  of  19  feet  above  zero  or  low- water  mark.  From  that  date 
it  fell  at  the  rate  of  1.2  feet  per  day,  until,  on  the  morning  of  the  24th,  having  reached 
9.5  feet,  it  commenced  rising  again,  reaching  13  feet  ou  the  26th  aud  14  feet  ou  the 
29th,  when  the  water  again  commenced  to  fall  slowly  at  a  rate  of  less  than  1  foot  per 
day. 

During  this  high  stage,  the  water  at  Vancouver,  on  the  Columbia,  four  miles  above 
the  mouth  of  the  Willamette,  reached  the  height  of  12.9  feet  above  low-water,  while 
the  gauge  at  the  head  of  the  Willamette  Falls,  12  miles  above  Portland,  showed  a 
steady  fall.  The  water  of  the  Willamette  was  clear,  almost  entirely  free  from  drift, 
and  with  no  perceptible  tidal  changes.  It  is  plain,  therefore,  that  the  high-water 
which  prevailed  on  th«;  Lower  Willamette  when  these  measurements  were  made  was 
due  to  the  rise  iu  the  Columbia. 
04  E 
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I  commenced  in  the  north  channel  at  Swan  Island,  200  feet  below  the  Old  Wharf 
shown  on  the  map  of  my  surveys  last  fall,  marked  "  Lower  Willamette,  Sheet  No.  1." 
The  depths  and  velocities  of  the  river  at  this  point  are  extremely  uniform ,  as  you  will 
see  from  the  annexed  section-sheets.  Measurements  to  ascertain  the  velocities  at  dif- 
ferent depths,  taken  iu  the  center  of  the  channel,  the  water  being  35  feet  deep,  gave 
the  following  results : 

At  3  feet  mean  of. 6  measurements,  75.9  feet  per  minute. 
At  18  feet  mean  of  6  measurements,  75.0  feet  per  minute. 
At  30-feeC  mean  of  0  measurements,  65.9  feet  per  minute. 

The  danger  of  the  lower  float  becoming  entangled  among  snags  on  the  bottom 
deterred  me  from  attempting  to  measure  the  current  at  a  greater  depth  than  30  feet. 
At  this  depth  the  combined  pressure  of  the  water  and  atmosphere  flattened  the  convex 
side  of  the  lower  float,  giving  it  the  shape  of  an  imperfect  hexagon.  This  did  not,  of 
course,  affect  its  buoyancy. 

On  April  4  simultaneous  measurements  of  the  two  channels-  being  impracticable, 
in  the  necessary  absence  of  my  assistant,  the  volume  in  the  so  nth  channel  was  meas- 
ured accurately  and  the  north  approximately,  the  volume  in  the  latter  being  obtained 
by  the  formula  v  X  83  =  t?1  in  which  v  represents  the  surface  velocity  at  the  centre 
and  v'  the  mean  velocity  of  the  entire  volume.  Of  course  the  result  thus  found  was 
only  approximate.  It  is  seen,  however,  to  accord  very  nearly  with  those  obtained  in 
the  usual  way.    During  this  day  the.  water  feil  0.2  foot. 

On  the  5th  and  6th  the  two  channels  were  measured  simultaneously  by  two  parties 
under  the  charge  of  myself  and  an  assistant  respectively.  The  current  was  measured 
at  intervals  of  about  100  feet  from  3  to  6  times  at  each  point,  the  cross-sections  having 
been  previously  taken  by  careful  soundings,  and  the  distances  marked  by  buoys.  A 
stroug  breeze  from  the  northwest  on  the  morning  of  the  7th  prevented  a  fourth  meas- 
urement of  the  south  channel,  which  is  exposed  and  rough  in  windy  weather.  The 
north  channel  is  protected  by  the  promontory  back  of  Wand's  Landing. 

The  volumes  and  velocities  from  the  4th  to  the  7th  of  April,  inclusive,  were  found  to 
be  as  follows :    (See  section-sheets  A  and  B.) 

a 

«  a 

SB 


April  4, 1877,  north  channel. 
April  4,  1877,  south  channel 
April  5,  1877,  north  channel 
Apiil  5,  1877,  south  channel 
April  6,  1877,  north  channel 
April  6,  1877,  south  channel 
April  7,  1877,  north  channel 
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48.89 
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63.43 
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45.75 
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59.64 
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46.67 
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57.68 

Cubic  feet. 
1,  347, 809 
1, 223, 167 
1,311,965 
1, 076, 308 
1,201,891 
1,097,366 
1,142,004 


The  weather  was  generally  good,  and  the  water  smooth  during  the  progress  of  the 
work.  On  the  5th,  however,  an  up-stream  wind  made  the  water  in  the  south  channel 
so  rough  as  to  affect  the  speed  of  the  float  considerably,  the  waves  cansing  a  bobbing 
motion,  or  ratter  a  succession  of  stops  aud  plunges.  Experiments  wit.h  a  wooden  float, 
loaded  to  s  nk  just  below  the  surface  of  the  water,  aud  started  at  the  same  moment 
with  the  tin  float,  showed  that  the  latter  lost  from  5  to  10  per  cent,  of  the  speed 
of  the  current  when  the  waves  averaged  from  2  to  3  iuches  in  height,  and  a  much 
greater  percentage  when  the  water  was  at  all  rongh  ;  and  in  the  table  of  results  above 
givt  n  it  is  *een  that  on  the  5th  the  mean  velocity  was  less  in  the  south  and  greater  in 
the  north  channel  than  the  general  ratio  of  decrease  shown  by  the  above  table.  It 
appears,  therefore,  that  the  effect  upon  the  south  channel  of  an  up-stream  wind  is  not 
only  to  retard  the  float,  and  thereby  give  an  observed  velocity  lower  than  the  actual, 
but  also'by  backing  up  the  water  to  lower  the  actual  velocity  and  reduce  the  volume, 
causing  a  corresponding  increase  in  the  north  channel,  which  is,  as  above  stated,  pro* 
tec  ted  from  northerly  winds,  and  gains  in  volume  aud  velocity  what  the  other  loses. 

The  general  result  shows : 

1st.  That  the  mean  velocity  at  a  high  stage  of  the  river  is  greater  in  the  north  than 
in  the  south  channel. 

2d.  That  while  the  mean  velocities  in  both  channels  decrease  as  the  river  abates,  the 
rate  of  decrease  is  greater  in  the  north  than  in  the  south  channel,  and  it  follows  that 
at  a  certain  lower  stage  they  will  be  equal. 

My  measurements,  made  daring  the  lowest  stage  last  fall,  showed  the  south  channel 
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to  be  the  more  rapid  of  the  two.  It  will  be  remembered  that  some  dredging  was  done 
through  the  bar  at  the  head  of  the  north  channel  after  the  relative  velocities  were  de- 
termined in  September  and  before  the  rise  of  October  24,  the  time  at  which  the  veloc- 
ity in  the  north  channel  was  fonnd  to  have  increased  so  much.  Assuming,  as  is  prob- 
able, that  the  greater  velocity  found  in  the  south  channel  during  low  water  was  in 
part  due  to  the  existence  of  thin  bar,  and  consequently  that  its  removal  in  part  before 
the  occurrence  of  the  October  freshen  contributed  to  the  excess  of  velocity  found  in  the 
north  channel  during  that  freshet,  the  ratio  of  velocities  in  the  two  channels  during 
the  oomiug  low- water  stage  (should  the  cut  now  again  tilled  with  sedimentary  deposit 
be  dredged)  will  be  different  from  that  found  last  year  at  the  same  stage,  the  touth 
losing  in  proportion  as  the  north  gains. 

Should  you  decide  to  make  further  examinations  of  the  current  and  general  condi- 
tions of  the  Lower  Willamette  and  Columbia  Rivers  during  the  approaching  low- water 
stage,  I  would  suggest  that  at  all  points  where  there  are  two  channels  the  current- 
measurements  be  made  in  both  simultaneously.  The  relative  velocities  thus  obtained 
may  be  accepted  as  absolutely  correct. 

Willamette  River,  half  a  mile  above  the  head  of  Sawvie's  Island,  was (4)      739, 514 

Allowiug  for  difference  of  height  of  water,  and  consequently  of  velocity  as 
shown  on  section-sheet,  the  volume  discharged  would  be 794,013 

Willamette  Slough,  quarter  of  a  mile  below  its  head (5)      950,235 

And  one  mile  lower  down (6)  1,040,255 

Tbe  measurement  at  (5)  was  made  during  the  first  and  at  (6)  during  the  last  half 
of  ebb-tide.  The  difference  in  volume  is  partly  due  to  the  great  acceleration  in  the 
rate  of  flow  which  always  occurs  in  the  slough  during  the  last  quarter  of  ebb,  for 
reasons  which  I  will  explain  under  the  head  of  "  Velocity  of  current." 

Columbia  River,  j  ust  above  Saint  Helen's  Bar,  (7 ) 9, 163, 805 

And  just  below  the  bar,  (8) 10,859,446 

Deducting  from  the  latter  the  volume  passing  through  Willamette  Slough, 

which  enters  the  Columbia  a  short  distance  above,  in  round  numbers.. .     1, 000, 000 

Leaving  for  (8) 9,859,446 

Being  a  difference  of  about  7  per  cent,  between  the  results  found  above  and  below 
the  bar.  I  consider  the  latter  to  be  the  most  accurate,  the  work  having  been  doue  in 
perfectly  calm  weather,  which  was  not  the  case  with  the  former. 

Willamette  River,  1,000  feet  above  Three-Tree  Island,  during  spring  tides, 

at  three-quarters  eob,  (9) 392,033 

And  at  the  same  poiut  at  three-quarters  flood 548,646 

Showing  an  excess  in  the  volume  carried  by  the  flood-tide  over  that  of  the  ebb  of 
156,813  cubic  feet  per  minute,  about  equal  to  the  excess  of  the  volume  of  the  Willamette 
Slough  over  that  of  the  river  proper  as  shown  above. 

Mouth  of  Willamette. 
Coon  Island  Slough,  (10) 234,125 

This  was  measured  dnring  neap-tides,  and  includes  tbe  entire  volume  of  the  Wil- 
lamette, there  being  no  current  through  middle  channel  and  Nigger  Tom  Slough  at  that 
stage. 

Middle  Channtl  during  spring  tides, (11) 309,453 

Very  little  water  then  passing  through  Coon  Island  Slough. 

Nigger  Tom  Slough, — Here  I  made  several  attempts  to  ascertain  the  volume,  but  with 
no  result.  The  curreut  was  scarcely  perceptible,  and  so  variable  that  at  no  time  during 
the  low  stage  could  I  find  the  water  flowing  in  the  same  direction  on  both  sides  of  the 
channel. 

Columbia  Slough  discharges  during  the  spring  tides 23, 200 

On  the  22d  of  November,  the  water  having  risen  6  feet  iu  consequence  of  heavy  rains 
in  tbe  Willamette  Valley,  I  returned  to  the  mouth  of  the  river  and  measured  the 
velocity  of  the  current  in  tbe  three  channels,  from  which,  with  the  cross-sections  pre- 
viously taken,  I  obtained  the  iollowiug  results: 

Coon  Island  Slough,  10  feet  above  low-water  mark,  velocity  of  current  120 

feet  per  minute ;  discharge  in  cubic  feet  per  minute 721,728 

Middle  Channel,  velocity  174  feet  per  minute,  discharge 3, 304, 608 

JSigger  Tom  Slough,  velocity  160  feet  per  minute,  discharge 640, 000 

Making  in  all  4,666,336  cubic  feet  of  water  per  minute  discharged  through  the  three 
mouths  of  the  Willamette  at  the  existing  stage  of  water,  the  tide-gauge  at  Portland 
indicating  11.5  feet  above  aero,  while  a  still  larger  volume  passed  through  the  Wil- 
lamette 81ough  at*  that  time. 
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Yon  will  see  from  the  above  statement  of  the  results  obtained  by  gauging  that  the 
volume  of  water  passing  through  the  Willamette  Slough  during  the  low  stage  of  the 
river  is  greater  than  that  brought  down  by  the  river  proper,  and  that  the  amount  of 
this  excess  is  about  equal,  allowing  for  error  in  measurement,  to  that  of  the  flood-tide 
over  the  ebb  from  tbe  Columbia,  as  showu  by  the  gauging  made  just  above  Three* 
Tree  Island ;  from  which  it  is  apparent  that  dnrirg  the  low  stage  a  volume  of  from 
150,000  to  170,000  cubic  feet  per  ininute  from  the  Columbia  enters  the  month  of  the 
Willamette  during  flood -tide,  and  runs  out  through  the  Willamette  Slough,  re-entering 
the  Columbia  at  Saint  Helen's. 

In  fact,  at  that  stage  of  the  water  the  Willamette  between  its  mouth  and  the  head 
of  Sawvie'B  Island  is  nothiug  more  than  an  arm  of  the  Columbia,  and  upon  old  charts 
made  20  years  ago,  the  Willamette  Slough  is  called  the  Lower  Willamette,  showing 
that  it  has,  ever  since  the  country  was  settled,  been  known  as  the  principal  channel 
of  the  river  m  this  locality.  I  am  satisfied,  therefore,  that  any  plan  for  tbe  improve- 
ment of  Post-Office  and  month  of  Willamette  Bars,  in  which  the  erosive  force  of  the 
current  is  to  be  utilized,  should  include  the  closing,  in  part  at  least,  of  tbe  Willamette 
Slough. 

DEPTH  OF  WATER. 

During  the  lowest  stage  indicated  on  the  gauge  at  Portland  by  zero,  the  depth  along 
the  channel,  excluding  Swan  Island,  Post-Office,  and  mouth  of  Willamette  Bars,  (where 
a  constant  depth  of  17  feet  is  maintained  by  dredgiug)  varies  as  follows : 

From  the  northern  limit  of  the  city  to  the  lit  ad  of  Swan  Island,  in  the  north  chan- 
nel, from  20  to  25  feet;  and  through  the  south  channel  from  5  to  7  feet. 

Through  the  north  channel  to  the  foot  of  Swan  Island,  from  20  to  54  feet.  Thence 
to  Saint  John's  from  20  lo  32  feet,  except  for  a  distance  of  about  400  feet  at  a  point  i 
a  mile  above  Saint  John's,  on  the  west  side  of  the  channel,  where  there  in  a  bar  on  which 
only  18  feet  is  fouud  at  lowest  water.  From  what  1  can  learn  the  river  is  gradnally 
shoaling  here,  and  may  require  attention  within  a  few  years. 

From  Saint  John's  to  th*  mouth  of  the  river  the  depth  is  from  20  to  47  feet. 

At  the  head  of  Sauvie's  Islaud,  just  within  the  Willamette  Slough,  I  fouud  a  pool  75 
feet  deep  and  about  50  feet  across  its  deepest  part.  This  pool  is  caused  by  the  scour  re- 
sulting from  the  sudden  change  of  direction  which  the  current  of  the  Willamette  takes 
ou  striking  the  head  of  Sauvie's  Island,  where  the  bauk  is  nearly  vertical  from  18  to  20 
feet  highland  formed  of  tough  clay;  1,500  feet  lower  down  the  depth  dimiuishes  to  24 
feet. 

The  above  are  the  depths  at  low  tide  during  the  lowest  stage  of  the  river,  which  oc- 
curs only  at  intervals  of  several  years,  at  the  eud  of  unusually  long  dry  seasons.  Gen- 
erally the  gradual  abatement  of  the  water,  which  continues  through  the  summer,  is 
checked  by  the  early  winter  rains  at  a  height  of  2  or  3  feet  above  zero.  The  lowest 
point  reached  dnring  .the  present  fiscal  year,  so  far,  1.2  feet  above  zero,  occurred  on 
December  23,  1876. 

VELOCITY  OF  CURRENT. 

The  general  velocity  of  the  current  in  the  Lower  Willamette  during  the  low  stage  is 
from  20  to  30  feet  per  minute,  or  from  one-fourth  to  oue-third  of  a  mile  per  hour,  and 
when  at  6  to  8  feet  above  zero,  from  three-fourths  to  1^  miles  per  hour. 

The  current  through  the  Willamette  >  lough  during  the  low  stage  ruus  at  from  seven- 
tenths  to  nine-tentbs  of  a  mile  per  hour. 

Through  the  mouths  of  the  Willamette,  during  the  low  stage,  it  is  very  variable,  de- 
pending on  the  winds  and  tides  from  the  Lower  Columbia,  never  during  the  low  stage 
exceeding  55  feet  per  minute,  or  six-tenths  of  a  mile  per  hour. 

In  the  Willamette  Slough  the  current  is  nearly  uniform,  varying  from  60  to  80  feet 
per  minute. 

The  depth  varies  with  the  stage  of  tide,  but  the  current  flows  outward  at  all  times. 
This  is  due  to  the  followiug  conditions: 

The  fall  of  the  liver  from  the  head  of  Sauvie's  Island  to  Saint  Helen's,  at  low  water, 
is  1.2  feet.  The  height  of  the  tidal  wave  is  also  1.2  feet  duriug  neap  tides,  and  during 
spring  tides  from  2  to  3  feet.  The  distance  between  the  two  points  by  the  slough  is  23| 
miles,  and  by  the  mouth  of  the  Willamette  only  18£  miles.  By  the  latter  route,  there- 
fore, the  shorter  by  5  miles,  the  channel  being  from  3,000  to  4,000  feet  wide,  the  tide 
reaches  the  head  of  Sauvie's  Island  much  sooner  than  by  the  former,  which  is  narrow 
and  crooked  and  runs  out  through  tbe  slough,  maintaining  its  ascendency  with  the  aid 
of  the  current  of  the  Willamette,  all  of  which  flows  through  the  slough,  as  I  have  shown 
above. 

The  velocity  of  the  current  of  the  Columbia  River  at  Saint  Heleu's  Bar  was  from  39 
to  158  feet  per  minute,  or  from  0.45  to  1.7  miles  per  hour,  duriug  the  low  stage,  the 
greater  velocity  beiug  just  below  the  bar. 


APPENDIX   J  J.  1013 

INCLINATION. 

I  ran  a  line  of  levels  from  Portland  down  the  west  shore  of  the  Willamette  to  its 
month,  aud  thence  along  the  east  bank  of  Saavie's  Island  to  Saint  Helen's,  for  the  pur- 
pose of  determining  the  comparative  elevations  of  the  high  and  low  water  marks  at 
the  extreme  and  intermediate  points  of  the  line.  The  high-water  profile,  representing 
the  freshet  in  the  Colombia  of  Jane,  lr76,  the  highest  on  record,  is  as  follows: 

Calling  zero  of  the  flood-gauge  at  the  foot  of  Yamhill  street,  Portlaud,  100.000,  the 
elevation  of  high  water  at  Portland,  due  to  back-water  from  the  Columbia — 

June  24,  was 128.200 

At  mouth  of  the  Willamette 127.999 

At  Willow  Bar,  Columbia  River 127.387 

And  at  Saint  Helen's 126.982 

Total  fall  from  Portland  to  Saint  Helen's ---• 1.218 

During  low- water,  the  flood-gauge  at  Portland  reading  3.0,  the  following  are  rhe  eleva- 
tions at  different  points,  ascertained  by  meaus  .of  tide-gauges  graduated  to  feet  and 
tenths  of  a  foot,  their  bases  or  zeros  being  conuected  by  my  line  of  levels: 

At  Portland 103  000 

At  head  of  Willamette  Slough 102.200 

At  mouth  of  Willamette  River 102.200 

AtSaiut  Helen's 101.500 

During  intermediate  stages  of  the  Willamette  the  fall  is  much  greater  than  during 
either  high  or  low  water,  as  shown  by  the  heights  of  the  surface  of  water  at  the  fol- 
lowing points  on  the  22d  November: 

At  Portland 111.50 

At  head  of  Willamette  Slough 109.94 

A%  mouth  of  Willamette  River 109.80 

I  think  it  probable  that  the  difference  of  0.201  foot  iu  the  heights  of  the  freshet- 
marks  at  Portland  and  at  the  mouth  of  the  Willamette,  which  appears  above,  is  due 
to  my  having  disregarded  the  correction  for  the  curve  of  true  level,  a  portion  of  the 
line  between  these  two  points  having  been  ruu  over  a  mountaiu  road  where  I  could 
not  equalize  the  sights,  the  length  of  fore  sights  being  in  several  instances  considerably 
greater  than  the  back  sighr,  causing  the  observed  level,  or  line  of  sight,  which  is  a  tan- 
gent, to  deviate  so  much  from  the  true  level  curve  as  to  make  a  difference  appear  wbere 
Hone  exists.    The  high- water  in  the  Lower  Willamette  is  due  solely  to  the  snow-flood 
of  the  Columbia,  and,  as  no  current  is  perceptible  during  its  cjnti nuance,  1  am  satisfied 
there  is  no  fall. 

DI8TANCE8. 

From  Portland  to  the  head  of  Willamette  Slough,  9}  miles;  thence  to  the  mouth  of 
the  Willamette,  2|  miles;  thence  to  Willow  Bar,  6  miles;  thence  to  Saint  Heleu's,  9 
miles;  the  distance  from  Portland  to  Sain 6  Helen's,  via  the  Willamette  Slough,  being 
324  miles. 

OTHER  ITEMS. 

The  ridge  between  the  Lower  Willamette  and  Columbia  terminates  abruptly  in  a 
rounded  spur  200  feet  high,  1^  miles  below  Saint  John's,  as  shown  on  the  map. 

During  the  June  floods  the  flat  lauds  along  the  banks  of  the  two  rivers,  including 
almost  the  whole  of  Sauvie's  Island,  are  overflowed  to  a  depth  of  from  10  to  20  feet. 
The  seasons  at  which  these  floods  occur  render  the  bottom-lands  almost  valueless 
except  for  pasturage. 

The  lower  end  of  Coon  Island  is  being  rapidly  worn  away  by  the  current  of  the 
Columbia  River,  which  washes  the  east  side  of  the  island,  carryiug  the  eroded  material 
around  into  the  slough,  formerly  a  ship-channel,  but  now  shoaling  rapidly  at  its  mouth. 

Three-Tree  Island,  1  mile  above  the  mouth  of  the  Willamette,  is  also  yielding  to 
the  force  of  the  winter  floods  of  the  Willamette,  and  there  will  probably  be  very  little 
of  it  left  above  the  low- water  line  should  any  considerable  freshet  occur  during  the 
coming  winter.    Its  highest  point  is  now  about  6  feet  above  extreme  low-water  mark. 

Percy's  Slough  has  no  current  at  low-water,  being  closed  by  a  sand-bar,  which  has 
formed  a  short  distance  above  the  remains  of  thef>ile-dain  built  three  years  ago.  At 
higher  stages,  the  direction  of  the  current  depends  upon  the  relative  heights  of  water  in 
the  two  rivers.  Columbia  Slough  heads  uear  the  mouth  of  Sandy  River,  which  enters 
into  the  Columbia  20  miles  above  the  mouth  of  the  Willamette.  Its  general  direction 
is  parallel  to  that  of  the  Columbia.  At  its  mouth,  at  low- water,  it  is  60  feet  wide  and  6 
feet  deep ;  its  width  and  depth  throughout  its  length  vary  considerably.  When  clear 
of  drift  and  other  obstructions,  it  is  navigable  for  small  steamboats  from  its  mouth  to 
Love's  bridge,  a  distance  of  about  five  miles ;   it  carries  the  water  of  several  small 
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brooks  from  the  northern  slope  of  the  ridge  between  the  Colombia  and  Willamette 
and  ruus  through  a  level  meadow  country,  interspersed  with  numerous  lakes  and 
sloughs,  overflowed  annually  by  the  summer  flood  of  the  Columbia. 

I  omitted  to  state  that  I  spent  several  days  trying  to  gauge  the  Willamette  between 
the  head  of  Sanvie's  Island  and  the  foot  of  Post-Office  Bar,  but  without  success,  the 
current  being  variable  and  sluggish. 

Ou  the  section  sheets  annexed  I  have  allowed  for  the  difference  of  height  of  water  at 
various  points  gauged,  in  order  to  iuake  a  fair  comparison  of  the  results. 
Respectfully  submitted. 

Robert  A.  Habersham, 

Assistant  Engineer. 
Col.  John  M.  Wilson, 

Major  Corps  of  Engineers,  U.S.  A. 


No.  1. — Gauging  the  Willamette  Rwer%  Oregon,  one-qunrUr  of  a  mile  below  Portland,  Sep- 
tember 12  and  13,  1876. 

Mean  height  of  water,  3. 6  feet  above  zero. 
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Average  velocity,  93. 9  feet  per  minute. 

No.  2. — Gauging  Swan  Island  Channel,  (south,)  September  15, 1876 — last  half  of  ebb  tide. 

Mean  height  of  tide-gauge,  3'.  9  above  sero. 
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1300X. 3=390X45.55=17,764  to  be  deducted.     Correction  for  difference  in  height  of  irater=513,990 
oubic  feet  per  minute. 
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No.  3. — Gauging  Swan  Island  Channel  (north)— last  half  of  ebb  tide. 
Surface  of  water,  September  18,  4. 5  above  zero. 
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350 X. 9=3 15.0x19.95=6.278  cubic  feet  per  mile  to  be  deducted.    Correction  for  difference  in  height  of 

water= 278,253 

Add  south  channel 513,220 


A  correction  for  increase  of  velocity  will  still  farther  reduce  the  difference. 


791,473 


A. — Current  measurements  in  north  channel,  Swan  Island,  Lower  Willamette  River. 


Date. 

• 

a 
© 

Height  of  water 
above  zero,  in 
feet 

Area  of  sections, 
square  feet 

Mean  velocity  in 
feet  per  minute. 

Discharge  in 
feet  per  minute. 

April  4, 1877 

10.5 

9.6 
9.6 
9.6 

21, 142 

63.75 

1,347,802 

1 
2 
3 

April  5, 1877 

5,775 
8,259 
6,503 

67.27 
67.07 
56.55 

388,484 
553,  462 
360,745 

Total 

20,537 

Av.  63. 43 

1,302,691 

1. 
2 

3 

9.0 
9.0 
9.0 

April  6. 1877 

5,644 
8,115 
6,375 

58.06 
64.74 
54.05 

327,961 
525,365 
348, 569 

Total 

20,134 

Av.  59.  64 

1  201  895 

1 
2 
3 

8.5 
8.5 
8.5 

April  7, 1877 

5,535 
7,995 
6,269 

65.22 
57.69 
50.85 

361  993 

• 

461,232 
318, 779 

Total 

19,799 

Av.57.68 

1, 142, 004 
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B. — Current  measurements  in  south  channel,  Swan  Island,  Lower  Willamette  River. 


1 

fe  P 

af 

S  © 

t 

©•3 

a   . 

•**  z 

© 

eight  of  wat 
above  rero, 
feet. 

0«3 

•2  « 

Date. 

a 

JO 

reaofsec 
square  fe 

o  a 

>  © 

e  ek 

2*» 
a  © 

£a 

Cfi 

n 

< 

S«2i 

a 

April  4,  1877 

1 

10.5 

3,895 

41.09 

160,046 

2 

10.5 

3,140 

41.09 

129.023 

3 

10.5 

3,927 

41.09 

161,360 

4 

10.5 

5, 113 

51.72 

264,  444 

5 

10.5 

5,544 

54.54 

302,370 

6 

10.5 

3,707 

55.55 

205,924 

25,326 

A  v.  4a  29 



1, 223, 167 

1 

9.6 

April  5.  1877 

3,517 

39.41 

138,605 

2 

9.6 

2,857 

37.99 

108,537 

3 

9.6 

3,644 

43.47 

158,405 

4 

9.6 

4,830 

50.00 

241,500 

5 

9.6 

5,261 

46.15 

242,795 

6 

9.6 

3,419 

04«  %n 

186,466 

Total 

23,528 

Av.  45.  75 

1, 076, 308 

1 

0.0 

April  6. 1877 ... 

3,265 

•  41.67 

136,053 

2 

9.0 

2,668 

40.00 

106,720 

3 

9.0 

3,455 

44.12 

152,435 

4 

9.0 

4,641 

46.09 

213,904 

5 

9.0 

4,915 

53.57 

262,297 

6 

9.0 

3,067 

50.85 

155,957 

Total 

22,011 

Av.  46.  67 

1.027,366 

No.  4. — Gauging  Willamette  Rivery  $  mile  above  slough. 
Surface  of  water,  September  29,  3.0  feet  above  zero. 


Section. 


1. 
2, 
3. 


Area. 


4,255 
9,624 
6,250 


Mean  veloc- 
ity. 


Ft.  per  min. 
20.4 
25.3 
27.7 


Vol  ana  e  in  cu- 
bic feet  per 
minute. 


86,802 
243,  487 
115,  895 


Section. 


4. 
5. 


Area. 


5,671 
7,279 


Mean  veloc- 
ity. 


Ft.  per  min. 
24.0 
21.6 


Total 

Add  volume  due  to  difference  in  height  of  water  1500  x  .0.6  x  23.8,  (average  velocity) . . . 


Allowing  1  foot  per  minute  =  loss  of  velocity  from  loss  of  head 
Total i 


Volume  in  cu- 
bic feet  per 
minute. 


136, 104 
157,226 


739, 514 
21,420 


760,934 
33,079 


794. 013 


No.  5. — Gauging  Willamette  Slough,  ±  mile  below  its  head. 
Surface  of  water,  September  22,  4.2  feet  above  zero. 


Section. 

Area. 

Velocity. 

Volume  dis- 
charged. 

Section. 

Area. 

Velocity. 

Volume  dis- 
charged. 

1 

680 
1,750 
2,080 
1,800 

Ft.  per  min. 
75.0 
71.4 
75.0 
74.1 

01*.  ft.  per  min. 

51.000 

124, 950 

156,000 

133,380 

5 

1,740 

1,695 

1,715 

865 

Ft.  per.  min. 

78.7 
85.5 
78.7 
78.7 

Ou.  ft.  per  min. 
136.938 

a 

6 

144,922 

3 

7 

134, 970 

4 

8 

68,075 

Total. 

950, 235 

ate 

Average  velocity  in  feet  per  min 

77. 1 
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No.  6. — Ganging  Willamette  Slought  l±  miles  below  its  head. 
Surface  of  water,  September  22,  4.8  feet  above  zero. 


Section. 


1. 

2. 

3 

4. 

5. 

6. 


Total. 


Area. 

285 
1,170 
1,725 
1,800 
1,775 
1,737 

Velocity. 


Ft  per  min. 
63.4 
63.4 
80.0 
82.0 
80.0 
72.0 


Vol  n  roe  dis- 
charged. 


Ou.  ft.  per  min. 
17,  784 
73,008 
13a  000 
147,600 
143,000 
125, 064 


Section. 


7. 

8. 

9. 
10. 
11. 
13. 


Average  velocity  in  feet  per  minute. 


Area. 


1,713 
1,655 
1,535 
1,205 
400 
195 


Velocity. 


Ft  per  min. 
72.0 
67.0 
50.0 
50.0 
50.0 
50.0 


Volume  dis- 
charged. 


Ou.ft.permin. 

123.264 

107.535 

76,750 

60.250 

20,000 

9,000 


1, 040, 355 


64.8 


No.  7. — Gauging  Columbia  River  above  Saint  Helen9 8  Bar. 
Surface  of  water,  October  5,  4.0  feet  above  zero. 


Section. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 


Total. 


Area. 


731 
1,626 
2,357 
3,976 
3,431 
4,308 
5.582 
6,521 
7,215 
7,366 


Velocity. 


Ft  per  min. 

66.7 

76.2 

96.8 
115.3 
123.5 
133.3 
136.4 
103.4 
115.3 
101,7 


Volume  dis- 
charged. 


Cu.  ft.  per  min. 
48,  091 
123,901 
218,  478 
343,133 
419, 072 
582.254 
761,385 
674,271 
831.889 
749. 122 


Section. 


11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


Average  velocity  of  current  in  feet  per  minute . 


Area. 


6,897 
6,362 
6,138 
5,761 
5,104 
4,428 
3,866 
3,  082 
3,121 
821 


Velocity. 


Ft  per  min. 

103.4 

117.6 

109.2 

95.3 

99.0 

103.1 

88.5 

75.3 

66.7 

66.7 


Volume  dis- 
charged. 


Ou.  ft.  per  min. 
713,150 
748, 171 
670,370 
548,  447 
505,396 
456.  527 
342, 351 
231, 766 
141,470 
54, 761 


9, 163,  805 


99.6 


No.  8. — Gauging  Columbia  River  below  Saint  Helen's  Bar,  October  6  and  9. 

Surface  of  water  4. 0  above  aero. 


Section. 

Area. 

Velocity. 

Volume  dis- 
charged. 

Section. 

Area. 

Velocity. 

Volume  dis- 
charged. 

1 

1, 755 
4,212 
5,440 
4,446 
3,744 
3,375 
3,  lliO 
2,749 
3,164 
1,521 
1,111 
959 
907 
935 
1,138 
1,452 
1.584 
1,584 
1.639 
2,*<tf9 
3,673 
8,899 

Ft  per  min. 

100.0 

130.4 

136.3 

135.0 

130.4 

133.3 

127.6 

130.4 

100.0 

93.7 

96.8 

7a  9 

77.9 

•70.  «5 

132.4 
107.8 
111.1 
117.9 
127.7 
136.4 
130.4 
157. 9 

Ou.  ft.  per  min. 
175.500 
549, 245 
741,  472 
555,750 
488, 218 
436,557 
395,560 
348,  470 
216,  400 
142,  518 
107, 545 
75,665 
70,655 
91, 910 
138,067 
155,654 
175,  982 
186,  754 
209,300 
305,400 
348,559 
457.  752 

23 

3,333 
3.487 
3,261 
2,761 
2,266 
1,853 
1.406 
1,579 
1,606 
1,683 
1,864 
1,805 
1,875 
1,905 
1,980 
1,890 
1,810 
1.990 
1,885 
1,565 
1,210 
450 

Ft.  per  min. 

142.9 

136.3 

125.0 

121.1 

125.0 

130.4 

115.4 

127.  6 

92.3 

103.4 

103.4 

101.7 

95.2 

101.7 

95.2 

85.7 

84.7 

80.0 

86.9 

78.8 

54.5 

38.9 

Ou.  ft  per  min 
376,386 
475,  378 
407,625 
334,  357 
283,250 
241  631 

3 

24 

3 

25 

4 

26 

5 

27 

6 

28 

7 

29 

163,353 
301  480 

8 

30 

9 

31 

148  234 

10 

!  32 

33 

174,  022 

11 

192,  738 
183,568 
178,500 
193,738 
188, 496 
161, 973 

12 

«S4  ••••••    •  • 

35 

13 

14 

36 

15 

37 

16 

38 

17 

39  

40 

153,307 
159, 200 
163,806 
123,322 
65, 945 
17,  505 

18 

19 ;. 

41 

80 

42 

21 

43 

23 

44 

Total. 
Average  i 

10,  859,  446 

relocity  i 

n  feet  per  min 

108.9 
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No.  9.— Gauging  Willamette  River,  1,000  feet  above  Three-Tree  Island, 
Surface  of  water  October  18, 4.2  feet  above  zero. 


Section. 


1. 
8. 
3. 
4. 
5. 
6. 
7. 
8. 


Area. 


590 
4,704 
4,902 
3,349 
1,940 
1,134 
694 
918 


Velocity. 


Ft  per  min. 

0.0 

31.8 

18.4 

19.0 

iai 

23.8 
33.7 
80.0 


Volume  die- 
charged. 


Ou.fi.  per  min. 

108,547 
90,197 
63,631 
35,114 
35,175 
16,  448 
18,360 


Section. 


9. 
10. 
11. 
13. 
13 


Total 


Area. 


1,504 

1.B51 

1,955 

1,353 

894 


Velocity. 


Ft  per  min. 
13.8 
10.7 

0.0 

0.0 

0.0 


Average  Telocity,  in  feet,  per  minute 

Average  velocity,  daring  flood-tide,  in  feet,  per  minute 


Volume  dis- 
charged. 


Ou.flper 
20,755 
19,806 


393,033 


ia« 

8.60 


Measured  during  spring-tides  only.   The  outward  current  during  neap 
tides  is  so  variable  that  it  cannot  be  accurately  measured. 


No.  10.— Gauging  Coon  Island  Slough. 
Surface  of  water  October  13,  3.3  feet  above  zero. 


Section. 

Area. 

Velocity. 

Volume  dis- 
charged. 

Section. 

Area. 

Velocity. 

Volume  dis- 
charged. 

1 

104 
950 
990 

Ft.  per  win. 
37.5 
66.7 
55.5 

Ou.ft.  per  min. 

3,900 

63,365 

54.945 

4 

940 
935 

475 

Ft.  per  min. 
36.4 
55.5 
55.5 

Qu.ft.per  win* 
34,316 

3 

5 

51,337 

3 

6 

86,361 

Total. 

834, 134 

Average  VAlonitv  dnrincr  nAan.tidAii.  in  f aet.  n«r  tninnta 

51.8 

During  the  spring-tides  there  is  very  little  current  through  this  chan 
nel. 


No.  11. — Gauging  mouth  of  Willamette. — Middle  channel. 
Surface  of  water  October  16,  4.0  feet  above  zero. 


Section. 

Area. 

Velocity. 

Volume  dis- 
charged. 

Section. 

Area. 

Velocity. 

Volume  dis- 
charged. 

1 

654) 
1,920$ 
3,385? 

2,030  5 
1,700) 
1, 695  > 
1,775  > 

Ftpermtn. 
15.1 

31.9 
16.4 

Ou.  ft.  per  min. 
38,867 

94,498 
84,788 

8.. 

9 

1,«501 
1,885 
870  } 
560 
800) 

Ft  per  min. 
80.0 

Ou.ft.  per  min. 

8 

3 

10 

91,300 

4 

U 

5 

18 

6 

7 

Total  during  spring-tides  onl 
Average  v«ln«ltv.  in  feet,  nar  mi] 

309,453 

iiute 

18.4 
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Abstract  of  proposals  for  furnishing  the  United  States  with  a  tug-boat,  when  required,  during 
the  year  1877,  opened  by  Maj.  John  M.  Wilson,  Corps  of  Engineers,  February  8,  1877. 


No. 


1 
s 

3 


Names  and  residence  of  bidden. 


Bailey  &  Taylor,  Portland,  Oreg 

S.  S.  Douglass,  Portland,  Oreg 

C.  B.  Wilson  &  Henry  Wilson,  Portland,  Oreg 


0,3  ?>9 

.o  3  l/Q 

cs  a 

Remarks. 

•s  ©-nt- 

•585  00 

Contract  awarded. 

600  00 

700  00 

Abstract  of  contract  for  the  improvement  of  the  Lower  Williamette  and  Columbia  Rivers,  in 

force  during  the  fiscal  year  ending  June  30, 1877. 


No. 

Names  and  residence  of  contractors. 

Date  of  con- 
tract. 

Subject  of  contract. 

Price   per 
month. 

1 

Bailev  Sc  Taylor.  Portland.  Ores 

Feb.  1%  1877 

Hire  of  steam-tag  as  tender 
to  United  States  dredge, 
when  required,  during  the 
year  ending  June  30, 1877. 

$585  00 

report  of  the  board  of  engineers  for  the  pacific  coast. 

Office  Board  of  Engineers  Pacific  Coast, 

San  Francisco,  Cal,  April  9,  1877. 

General:  In  accordance  with  instructions  from  the  Chief  of  Engi- 
neers, dated  July  26, 1«76,  the  Board  of  Engineers  for  the  Pacific  coast 
met  in  Portland,  Oreg.,  in  August  last  to  consider  the  project  of  Maj. 
John  M.  Wilson,  of  the  Corps  of  Engineers,  for  the  improvement  of  the 
Lower  Willamette  and  Columbia  Rivers,  from  Portland  to  the  sea. 

After  personally  examining  these  rivers  and  Major  Wilson's  charts 
and  project,  the  Board  presented  a  preliminary  report  under  date  of 
August  24,  1876,  wherein  it  was  recommended  that,  before  final  action 
was  taken,  certain  further  surveys  and  examinations  should  be  made,  in 
order  that  the  Board  might  be  fully  informed  upon  the  subject  under 
consideration. 

These  examinations  and  surveys  were  made  and  charts  prepared  dur- 
ing the  fall  of  1876,  and  on  January  17, 1877,  the  Board  reconvened  at  San 
Francisco,  Cal.,  all  the  members  being  present,  including  Maj.  John  M. 
Wilson,  Corps  of  Engineers,  who,  in  accordance  with  Department  letter 
of  July  26, 1876,  became  a  member  of  the  Board  while  this  subject  was 
under  consideration. 

The  Board  has  examined  the  plans  of  Major  Wilson,  and,  after  careful 
consideration  of  all  the  data  laid  before  it,  respectfully  submit  the  fol- 
lowing 

REPORT. 


The  project  of  Major  Wilson  embraces  plans  for  the  improvement  of 
Swan  Island  Bar,  Post-Office  Bar,  and  the  bar  at  the  mouth  of  the 
Willamette,  (these  three  being  in  the  Willamette  River,)  and  also  for 
the  improvement  of  Saint  Helen's  Bar  in  the  Columbia  River. 
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In  presenting  its  report  the  Board  deems  it  best  to  discuss  each  bar 
separately,  beginning  at  Portland  and  proceeding  toward  the  mouth  of 
the  Columbia. 

Opposite  Portland  the  channel  of  the  Willamette  River  presents  a 
depth  of  from  20  to  40  feet  at  low-water.  Lower  down  the  river  widens, 
giving  a  consequent  decreased  velocity.  It  begins  to  shoal  a  short  dis- 
tance above  Swan  Island,  3  miles  below  Portland. 

At  this  place  there  are  two  channels:  one,  north  of  the  island,  the 
present  ship  channel,  being  about  600  feet  wide,  and  from  20  to  50  feet 
deep;  the  other,  south  of  tbis  island,  is  about  1,900  feet  wide,  with  a 
depth  of  from  4  to  7  feet  at  low-water. 

About  three-quarters  of  a  mile  above  the  island  the  bar  commences 
to  appear,  and  through  this  a  channel,  about  100  feet  wide  and  17  feet 
deep,  at  low-water,  has  been  cut,  connecting  deep  water  in  the  river 
above  with  the  deep  channel  north  of  Swan  Island;  aud  dredging  has 
continued  annually  for  the  past  nine  years,  each  year's  freshet  partially 
filling  tbe  cut. 

Major  Wilsou's  plan  proposed  to  close  one  of  these  channels,  and  he 
presented  projects  for  both,  favoring,  however,  the  qlosiugof  the  north, 
or  present,  ship  channel. 

The  gauging  of  the  Willamette  River,  a  quarter  of  a  mile  below  Portland,  Septem- 
ber 12  and  13,  with  the  water  3£  feet,  above  zero,  showed  an  average  velocity  of  23.9 
feet  per  minute,  and  a  volume  of  786,478  cubic  feet  per  minute. 

September  15,  the  river  being  3.9  feet  above  zero,  the  volume  passing  through  the 
South  Swan  Island  Channel  was  found  to  be  530,984  cubic  feet  per  minute,  with  an 
average  velocity  of  45.54  feet  per  minute. 

And  September  18,  the  river  being  4|  feet  above  zero,  the  volume  in  the  North  Swan 
Island  Channel  was  267,261  cubic  feet  per  minute,  having  an  average  velocity  of  19.93 
feet  per  minute. 

Thus  showing  the  quantity  in  the  south  channel  to  be  nearly  twice  as 
large  as  that  in  the  north  cbaunel  at  tbis  stage  of  the  river. 

These  determinations  are  somewhat  anomalous,  but,  being  the  results 
of  actual  measurements,  we  suppose  they  must  be  accepted  as  correct. 

We  say  anomalous,  because  while  the  areas  of  the  sectious  of  the  two 
channels  south  and  north  of  Swan  Island  do  not  greatly  vary,  (that  of 
the  north  channel  being  the  larger,  however,  and  having  a  greater 
depth,)  yet  tbe  mean  measured  velocity  of  the  water  in  the  south  chan- 
nel was  more  thau  twice  as  great  as  that  in  the  north  channel,  giving  as 
a  result  twice  as  much  water  through  the  south  as  through  the  north 
channel,  at  the  stages  above  mentioned.  The  usually  accepted  hy- 
draulic formulae  for  the  flow  of  rivers  would  give  directly  eoutrary  re- 
sults. 

Again,  it  seems  strauge  that,  if  the  water  in  the  south  channel  has 
twice  the  velocity  of  that  in  the  north  channel,  tbe  south  is  not  the 
deeper  channel  of  the  two. 

Accepting  the  determinations  as  correct,  however,  we  must  conclude 
that  there  are  certain  conditions  governing  the  flow  of  water  through 
these  channels  which  remain,  as  yet,  undiscovered. 

Some  six  week  later,  the  level  of  the  river  beiug  6.2  feet  above  zero, 
it  was  again  gauged,  and  the  discharge  found  to  be  as  follows : 

Cubio  feet 
per  minnte. 

Just  below  Portland 3,095,400 

Sonth  Swan  Island  Channel 1,802,470 

North  Swan  Island  Cbaunel 1,369, 138 

the  increased  volumes  being  attended  with  accelerated  velocities. 

This  result  is  again  anomalous,  for,  while  we  have  added  much  more 
area  of  cross-section  of  water-way  to  the  south  channel,  on  account  of 
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its  greater  width,  than  to  the  north  channel,  yet,  although  the  flow  of 
water  through  both  cbaunels  has  been  greatly  increased  by  the  addi- 
tional height  of  the  river,  the  relative  increase  of  flow  has  been  in  favor 
of  the  north  channel.  This  is  contrary  to  all  preconceived  ideas  on  the 
subject,  and  coutrary  to  the  result  given  by  all  formulae  applicable  to 
its  determination. 

This  leads  us  again  to  conclude  that  there  must  be  some  unknown 
factor  bearing  on  the  solutiou  of  the  relative  flow  through  these  two 
channels.  Perhaps  future  researches  may  discover  it,  and  we  recom- 
mend further  investigations.     . 

Borings  were  made  in  each  channel  to  the  depth  of  21  feet  below  the 
plane  of  low-water. 

The  material  in  the  south  channel  was  found  to  be  sand,  with  occasional 
layers  of  gravel  from  one  to  two  inches  in  thickness. 

In  the  uorth  channel  the  bottom  was  blue  clay,  sand,  and  gravel  at 
various  localities;  the  filling  in  the  channel  already  cut  through  the 
bar  being  a  coarse  sand  and  gravel,  the  latter  sometimes  as  large  as  a 
pigeon's  egg. 

After  careful  consideration,  the  Board  deems  it  best  to  close  the  south 
channel  by  a  dike  of  brush  and  stone  7,000  feet  long,  running  from  the 
upper  end  of  Swan  Island  to  the  south  shore,  the  top  of  the  dike  to  be 
at  ordinary  low-water,  or  about  two  feet  above  the  level  of  the  river  at 
dead  low  water. 

In  the  opinion  of  the  Board  snch  a  construction  would  cause  the  north 
channel,  through  Swan  Island  Bar,  to  be  scoured  out,  and  would  render 
further  dredging  unnecessary. 

The  reasons  of  the  Board  for  selecting  the  north  channel  for  naviga- 
tion and  closing  or  partially  closing  the  south  channel  are: 

1st.  The  north  is  the  present  navigable  channel,  and  it  can  be  more 
easily  and  cheaply  improved  than  the  south  channel. 

2d.  A  dike  across  the  south  channel  will  not  interfere  with  the  com- 
merce of  the  river,  whereas  one  across  the  north  channel  would  interrupt 
that  commerce,  for,  if  it  be  decided  to  close  the  north  chanuel,  it  is  evi- 
dent that  this  closure  cannot  be  completed  until  a  navigable  passage  is 
opened  through  the  south  channel.  This  would  necessitate  a  very  large 
quantity  of  dredging,  and  consequent  expense,  in  opening  and  keeping 
open  the  south  channel  for  commercial  purposes,  before  closing  the  north 
channel. 

If  the  difference  of  the  cost  of  the  two  projects  be  left  out  of  consid- 
eration, (and  if  we  could  be  sure  that  the  sand  and  gravel  to  be  washed, 
out  of  the  south  channel  if  the  north  channel  be  closed  would  not  event- 
ually give  trouble  in  the  river  below  Swan  Islaud,)  the  Board  would  pre- 
fer to  make  the  south  chanuel  the  navigable  one,  being  led  to  this  choice 
by  the  fact  that  it  is  the  shorter  of  the  two  channels,  and  the  river-bot- 
tom here  (being  mostly  sand)  would  be  more  easily  eroded  than  in  the 
north  channel,  where  it  is  of  blue  clay  in  certain  portions. 

The  estimated  cost  of  the  dike  across  the  south  channel,  7,000  feet 
long,  is  34,000  cubic  yards,  at  $1.50  per  yard,  amounting  to  $51,000. 

From  Swan  Island  to  the  head  of  Willamette  Slough  the  river  presents 
an  excellent  channel,  with  a  depth  of  from  20  to  47  feet  at  low-water, 
except  at  one  locality,  about  a  mile  below  the  island,  where,  for  a  dis- 
tance of  about  500  feet,  there  is  a  depth  of  only  18  feet  at  low-water. 

Just  below  the  head  of  the  Willamette  Slough  Post  Office  Bar  occurs, 
and  in  order  to  remove  this  it  was  proposed  to  partially  close  this  slough. 

A  careful  examination  showed  the  following  to  be  the  case  here : 
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The  fall  in  the  Willamette  River  daring  low- water  is  as  follows: 

Calling  the  zero  of  the  gauge  at  the  foot  of  Yamhill  street,  Portland,  100,000  during 
low- water,  the  gauge  at  Portland  reading  3  feet,  the  elevations  at  different  points  are 
as  follow : 

At  Portland .-.  103,000 

At  head  of  Willamette  Slough,  9*  miles  below  Portland 10*2,200 

At  mouth  of  Willamette  River,  12f  miles  below  Portland 102, 200 

At  Saint  Helen's,  27|  miles  below  Portland,  bv  the  rivers 101, 500 

At  Saint  Helen's,  32*  miles  below  Portland,  by  Willamette  Slough 101,  500 

Showing  the  fall,  at  this  stage  of  the  rivers,  to  be : 

From  Portland  to  the  head  of  the  slough A  foot. 

From  head  of  slough  to  mouth  of  Willamette...- None. 

From  head  of  slough  to  Saint  Helen's -f(y  foot. 

The  borings  showed  the  material  forming  Post  Office  Bar  to  be  sand, 
similar  to  that  in  the  Willamette  River  near  Swan  Island. 

The  gauging  of  the  Willamette  River  a  half  mile  above  the  head  of 
the  slough,  on  September  29,  the  level  of  the  river  being  3£  feet  above 
zero,  showed  a  volume  of  739,514  cubic  feet  per  minute,  while  that  of  the 
slough,  the  gauge  readiug  4.2  above  zero,  shows  a  volume  of  1,040,255 
cubic  feet  per  minute. 

Further  observations  in  gauging  the  Willamette  River  below  the  head 
of  the  slough  showed  the  volume  of  the  flood  to  exceed  that  of  the  ebb  tide 
about  150,000  cubic  feet  per  minute,  and  that  a  large  amount  of  water 
at  this  stage  of  the  river,  from  the  Columbia,  runs  up  the  Willamette 
River  and  then  escapes  down  the  slough. 

As  the  distance  from  Saiut  Helen's,  by  way  of  the  rivers,  which  are 
wide,  to  the  head  of  the  slough  is  about  18  miles,  aud  by  way  of  the 
slough,  which  is  narrow,  is  about  23  miles,  the  flood  tide  by  way  of 
the  rivers  reaches  the  head  of  the  slough  and  begius  to  run  down  it  be- 
fore the  flood  reaches  that  point  by  way  of  the  slough. 

The  facts  thus  presented  show  that  during  ordinary  low-water  the 
entire  volume  of  the  Willamette,  in  addition  to  a  large  quantity  from 
the  Columbia,  passes  down  the  Willamette  Slough. 

In  the  opinion  of  the  Board,  the  best  plan  for  removing  Post  Office 
Bar  would  be  to  entirely  close  the  Willamette  Slough  by  a  dam  near  its 
head;  but  as  this  is  a  navigable  chaunel,  aud  has  many  settlers  on  its 
bauks,  and  as  it  is  used  by  steamers  running  to  Astoria  when  the  Co- 
lumbia River  is  closed  by  ice  above  Saint  Helen's,  the  Board  recommends 
that  a  dike  of  brush  aud  stone  be  built  to  tbe  height  of  ordinary  low- 
water,  or  2  feet  above  tbe  zero  of  the  gauge,  ou  the  shoal  in  the  slough 
about  2,30 j  feet  below  its  head,  leaving  a  channel  100  feet  wide  in  the 
middle  with  a  depth  of  6  feet  at  low-water,  the  sides  ot  this  channel  to 
be  cribs  50  feet  long  by  25  leet  wide,  tbe  bottom  well  paved  to  prevent 
erosion. 

It  is  estimated  that  by  this  plan  at  least  seven-eighths  of  the  water 
now  passing  down  the  slough  will  be  kept  in  the  Willamette  River  aud 
will  be  sufficient  not  only  to  cut  and  keep  open  a  channel  through  Post- 
Office  Bar,  but  also  to  materially  aid  in  removing  the  bar  at  the  mouth 
of  i he  river. 

Such  a  dam  or  dike,  800  feet  loug,  with  an  average  height  of  15  feet, 
except  where  the  opening  is  left,  would  contain  17,000  cubic  yards,  and 
would  cost  as  follows : 

17,000  cubic  yards,  at  $1.50  per  yard $25,500  00 

100  feet  of  orib-work,  at$25perfoot 2,500  00 

Total 28,000  00 
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It  is  believed  that  after  the  completion  of  such  a  dike  farther  dredg- 
ing will  be  unnecessary  at  Post-Office  Bar. 

From  the  lower  end  of  this  bar  there  is  a  channel  with  a  depth  of 
from  20  to  45  feet,  uutil  we  reach  tbe  mouth  of  the  Willamette  River, 
about  2}  miles  distant,  where  another  bar  is  found. 

The  river  again  widens  here,  and  during  low-water  on  the  ebb-tide  a 
large  volume  of  water  passes  through  Coon  Island  Slough,  just  above 
the  bar. 

A  careful  examination  shows  this  bar  to  consist  of  a  fine  sand  almost 
identical  with  that  of  Saint  Helen's  Bar  in  the  Columbia,  showing 
plainly  that  it  comes  from  that  river. 

During  the  freshets  in  tbe  Columbia  River  a  large  volume  of  water 
pours  through  Percy's  and  Columbia  Sloughs,  opposite  the  bar,  meeting 
another  volume  passing  up  tbe  Willamette  River,  part  of  which  escapes 
down  Coon  Island  Slough,  still  more  down  the  Willamette  Slough,  and 
the  remaining  portion  of  this  upward  flood  assists  in  raising  tbe  Willa- 
mette River  to  a  considerable  height  as  far  up  as  the  falls  at  Oregon 
City,  a  distance  of  about  25  miles  from  its  mouth. 

During  neap-tides  it  was  found  that  234,125  cubic  feet  per  minute 
passed  out  through  Coon  Island  Slough,  wbile  there  was  no  percepti- 
ble current  through  the  main  channel  of  the  Willamette  River.  This 
occurred  when  tbe  water  was  3.2  feet  above  zero.  At  a  later  date  when 
the  water  was  10  feet  above  low-water  mark  the  discharge  through  the 
main  channel  was  3,304,608  cubic  feet  per  minute;  that  through  Coou 
Island  Slough,  721,728  cubic  feet  per  minute. 

It  is  the  opinion  of  the  Board  that  the  partial  closing  of  Willamette 
Slougb,  as  above  recommended,  will  deepen  the  water  over  the  bar  at  the 
month  of  the  Willamette  River,  but  if  sufficient  depth  is  not  thereby 
obtained,  then  it  will  became  necessary  to  contract  the  river  here  so  as 
to  bold  the  water  at  the  low  stage  within  such  limits  as  will  secure  the 
necessary  scour. 

To  do  this  it  is  recommended — 

1st.  That  Coon  Island  Slough  be  closed  at  its  head  by  a  dike  running 
from  Sauvie's  Island  to  Coon  Island,  the  face  of  the  latter  island  being 
revetted. 

2d.  If  this  construction  does  not  obtain  the  required  depth  of  water 
over  tbe  bar  at  the  mouth  of  the  river,  then  a  dike  should  be  con- 
structed on  the  opposite  side,  as  shown  on  the  drawing,  from  Nigger  Tom 
Island  to  the  main  shore  just  above  the  mouth  of  Columbia  Slough, 
the  face  of  Nigger  Tom  Island  being  revetted,  and,  if  necessary,  a  dike 
run  from  its  lower  end  into  the  Columbia  River  for  a  distance  of  about 
600  feet. 

These  dikes  should  be  carried  up  to  the  height  of  ordinary  low-water, 
or  say  2  to  3  feet  above  zero.  They  will  at  that  stage  hold  the  water  of 
the  Willamette  River  within  them,  and  will,  during  tbe  season  of  fresh- 
ets in  the  Columbia  River,  keep  behind  them  and  turn  into  the  Colum- 
bia the  sediment  in  tbe  water  from  Percy's  and  Columbia  Sloughs  below 
tbe  plane  of  the  top  of  the  dike. 

Iu  the  opinion  of  the  Board  such  constructions  would,  beyoud  doubt, 
keep  open  the  channel  at  the  mouth  of  the  Willamette,  and  would  go  far 
to,  if  not  entirely,  prevent  the  deposits  now  annually  occurring  on  this 
bar  during  the  freshets  in  the  Columbia  River. 

Such  constructions  would  cost  as  follows  ? 

Coon  Island  dike,  1,400  feet  long,  38,000  cnbic  yards,  at  $1.50 |67,000  00 

Coon  Island  revetment,  1,100  feet  long,  at  $4.50  per  foot 4,950  00 
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Nigger  Tom  upper  dike,  2, 300  feet  long,  12,000  cubic  yards,  at  $1.50 $18, 000  00 

Nigger  Tom  lower  dike,  600  feet  long,  8,000  cubic  yards,  at  $1.50 12, 000  00 

Nigger  Tom  revetment,  2,000  feet,  at  $4.50  per  foot 9, 000  00 

Total 100,950  00 

Leaving:  the  Willamette  Ki ver  we  pass  down  the  Columbia  with  a  good 
channel  until  we  reach  Saint  Helen's  Bar,  about  27  miles,  by  the  rivers 
from  Portland. 

This  bar  is  2  miles  long,  crossing  the  river  diagonally  from  the  foot 
of  Sauvie's  Island  to  a  point  nearly  opposite  Columbia  City,  with  deep 
water  on  each  side. 

The  east  bank  of  the  river  from  opposite  Warrior  Bock  to  the  lower 
end  of  the  bar  is  low,  from  5  to  10  feetf  above  low-water,  and  is  composed 
principally  of  sand,  with  occasional  veins  of  clay  ;  it  has  no  stability, 
and,  yielding  each  year  to  the  floods,  widens  the  channel  and  lesseus 
the  depth  of  water  on  the  bar. 

As  we  approach  the  foot  of  Sauvie's  Island,  coming  down  stream, 
Lewis  River  and  Vaucouver  Slough  empty  into  the  Columbia  from  the 
east  side,  while  Warrior  Rock,  a  bold  point,  juts  out  from  the  west 
shore  like  a  wing-dam,  just  before  the  bar  is  reached.  Here  the  river 
is  only  2,000  feet  wide,  but  has  a  depth  of  from  50  to  105  feet,  and 
the  volume  of  discbarge,  when  the  river  was  4  feet  above  low-water,  on 
October  5,  was  found  to  be  9,163,805  cubic  feet  per  minute.  Below 
Sauvie's  Island  the  Willamette  Slough  pours  out,  giving  a  wide  and 
deep  channel  on  the  Oregon  side  of  the  bar.  The  river  below  Saint 
Helen's,  October  6,  the  water  still  being  4  feet  above  zero,  showed  a 
volume  of  10,859,446  cubic  feet. 

Allowing  in  round  numbers  1,000,000  cubic  feet  for  the  discharge  of 
the  slough,  there  is  a  difference  of  about  7  per  cent,  in  the  measure- 
ments.  The  latter  is  considered  the  more  accurate,  the  weather  having 
beeu  perfectly  calm  when  it  was  taken,  which  was  not  the  case  in  the 
former. 

On  the  Washington  Territory  side,  near  the  lower  end,  is  a  plateau 
covering  an  area  of  about  300  acres,  having  upon  it  a  depth  of  from  1  to 
15  feet  of  water.  The  bottom,  for  a  depth  of  from  2  to  6  feet,  consists 
of  gravel  containing  granite,  gneiss,  quartz,  &c,  similar  to  the  bars  in 
the  Upper  Columbia,  resting  upon  a  bed  of  bard  material  supposed  to 
be  rock. 

The  ship-channel,  until  within  the  past  year,  has  been  at  the  lower 
end  of  this  bar  near  the  plateau  just  mentioned,  with  a  depth  of  about 
17  feet  at  low- water.  This  has  beeu  the  best  channel  over  this  bar  until 
the  fall  of  1876.  Under  ordinary  circumstances  the  Board  would  have 
preferred  to  maintain  this  channel,  but  the  freshet  of  1876  filled  it  in 
places  about  4  feet  and  opened  another  at  the  upper  end  of  the  bar, 
bringing  at  the  latter  place  the  18-feet  curves  witbin  400  feet  of  each 
other,  where  in  1875  they  were  900  feet  apart,  and  gaining  a  depth  of 
from  15J  to  18  feet  at  low-water,  where  in  1875  it  was  from  12  to  16  feet 
deep. 

Doubtless  a  good  ship-channel  may  be  created  by  suitable  construc- 
tions either  at  the  upper  or  lower  end  of  Saint  Helen's  Bar,  but  in  view 
ot  the  recent  change  the  Board  considers  it  best  to  locate  two  dikes 
across  the  bar  on  each  side  of  the  present  ship-channel,  about  a  half, 
mile  below  the  lower  end  of  Sauvie's  Island ;  the  dikes  to  be  each  about 
950  feet  long,  flaring  at  the  upper  end  to  a  width  of  800  feet,  and  nar- 
rowing to  300  feet  at  the  lower  end.  It  is  possible  that  eventually  it 
may  be  necessary  to  connect  the  one  on  the  Oregon  side  with  Sauvie's 
Island. 
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The  Board,  Lieatenant-Colonel  Stewart  dissenting,  presents  this  plan 
as  the  best  under  present  circumstances,  believing  that  it  will  cut  out 
and  keep  open  a  channel  through  the  bar  at  this  its  narrowest  and  deep- 
est part.  At  the  same  time  it  deems  it  possible  that  future  freshets  may 
make  such  changes  before  work  can  be  commenced  as  to  prove  the 
lower  end  of  the  bar  to  be  the  better  place  for  the  dikes,  the  cost  and 
extent  of  which  would  be  about  the  same  in  either  case. 

The  cost  of  this  improvement  would  be  as  follows : 

1,900  feet  dike =58,000  cubic  yards,  at  $1.50  per  yard  =  $87,000. 

From  Saint  Helen's  Bar  to  the  sea  the  only  bar  now  existing  that 
gives  trouble  is  that  below  Snag  Island  at  the  junction  of  Woody  Island 
and  Cordell  Channels.  As  there  is  a  depth  of  not  less  than  15  feet  on 
this  bar  at  low-water,  and  two  flood-tides  daily,  with  a  rise  of  from  6  to 
8  feet,  the  Board  deems  it  unnecessary  at  preseut  to  recommend  further 
action  here  than  to  scrape  the  bar  occasionally  and  to  have  it  thoroughly 
buoyed. 

It  is  thought  that  if  funds  were  available,  the  whole  of  the  work  above 
mentioned  could  be  executed  in  two  seasons. 

The  estimated  cost  of  the  foregoing  project  is  as  follows : 

Swa»Jaland  dike |51t000  00 

Willamette  Slough  dike 28,000  00 

Month  of  Willamette— dams  and  revetments 100,950  00 

Saint  Helen'sdikee 87,000  00 

Contingencies  and  engineering,  12  percent 32,024  00 

Total 298,974  00 

Four  charts,  showing  the  extent  and  location  of  the  proposed  dikes, 
are  transmitted  herewith. 
Respectfully  submitted. 

G.  H.  Mendell, 

Major  of  Engineers. 
R.  S.  Williamson, 
Lieutenant- Colonel j  Corps  of  Engineers. 
O.  Seaforth  Stewart, 
»  Lieutenant-Colonel  of  Engineers. 

B.  S.  Alexander, 
Lieutenant- Colonel  of  Engineers,  President  of  the  Board. 

I  coincide  in  the  views  of  the  Board,  except  in  reference  to  closing 
the  south  Swan  Island  Channel,  believing,  from  all  the  information  be- 
fore me,  that  the  north  should  be  closed  and  the  south  left  open. 

Further  investigations  will  be  made  at  this  place  in  reference  to  vol- 
ume and  velocity,  and,  should  similar  results  be  obtained  as  in  Septem- 
ber, 1876, 1  will  present  my  views  in  full  upon  the  subject. 
Respectfully  submitted. 

John  M.  Wilson, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 


LETTER  OF  THE  CHIEF  OF  ENGINEERS. 

Office  of  the  Chief  of  Engineers, 

Washington,  D.  C.9  May  21, 1877. 

Sir:  The  report  of  April  9  from  the  Board  of  Engineers  for  the  Pacific 
coast,  which  had  under  consideration  your  project  for  the  improvement 

65  E 
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of  the  Lower  Willamette  and  Columbia  Rivers,  is  approved,  and  the 
conclusions  of  the  Board  concurred  in.  Future  appropriations  for  these 
works  will,  therefore,  be  expended  in  accordance  with  the  plans  and  rec- 
ommendations therein  set  forth. 

In  adopting  the  recommendations  of  the  Board,  as  to  the  propriety  of 
closing  the  south  channel  of  the  Willamette  at  Swan  Island,  it  is  not 
intended  that  yon  should  discontinne  the  observations  jou  have  in  view 
for  the  further  investigation  of  the  regimen  of  the  river  in  that  viciuity, 
nor  to  deprive  you  of  the  opportunity  of  further  presenting  your  views 
in  favor  of  the  closure  of  the  north  channel. 
By  command  of  Brigadier-General  Humphreys. 
Very  respectfully,  your  obedient  servant, 

John  G.  Parke, 
Major  of  Engineers. 
Maj.  John  M.  Wilson, 

Corps  of  Engineers. 


JJa. 

IMPROVEMENT  OF  THE  UPPER  WILLAMETTE  RIVER,  OREGON. 

In  my  last  annual  report  I  described  fully  this  river,  its  floods,  and  the 
causes  of  the  various  bars  that  are  impediments  to  navigation,  and  will 
now  take  up  the  subject  by  sections,  as  then  discussed. 

1.  THE  UPPER  SECTION  FROM  EUGENE  TO  OORVALLIS. 

This  section  of  the  river,  comprising  a  length  of  about  56  miles,  is  sub- 
ject to  constant  changes,  so  much  so  that  even  within  the  last  20  years 
pilots  say  that  they  have  never  run  the  same  continuous  channel  in 
reaches  from  5  to  10  miles  above  Harrisburg  for  two  consecutive  sea- 
sons. Between  Eugene  and  Harrisburg,  a  distance  of  23£  miles,  the 
fall  is  105.9  feet,  or  at  the  rate  of  4£  feet  to  the  mile;  between  Harris- 
burg and  Corvallis,  a  distance  of  35  miles,  no  line  of  levels  has  ever  been 
run,  to  my  knowledge,  but  I  believe  the  fall  to  be  over  3  feet  to  the  mile. 
No  steamboat  has  ascended  to  Eugene  since  the  spring  of  1876,  not  on  ac- 
countof  lack  of  water,  because  the  freshets  in  the  winter  and  springof  1876 
and  1877  filled  the  stream,  rising  to  a  height  of  over  30  feet  above  low- 
water  at  Salem,  but  because  nearly  all  the  freight  from  Harrisburg  and 
Eugene  had  already  been  sent  by  railroad.  I  therefore  determined  to 
descend  during  low-water  from  Eugene  to  Albany,  a  distance  of  about  68 
miles,  in  a  skiff,  and  made  the  trip  on  June  11  and  12  of  the  present  year. 

A  careful  examination  showed  that  many  changes  had  occurred  above 
Harrisburg  since  the  survey  of  1875,  and  that  others  had  taken  place 
since  last  season.  At  several  points  above  Corvallis  the  river  separates 
into  two  or  more  channels,  its  capacity  being  correspondingly  reduced 
and  bars  and  shoals  being  formed.  These  bars  are  composed  of  loose 
gravel  washed  from  the  drift  formation  of  the  banks,  and  are  constantly 
changing  their  shape.  In  approaching  one  of  the  rapids,  my  skiff,  draw- 
ing only  a  few  inches,  grounded,  and  the  gravel  rolling  down  stream 
rattled  against  its  sides  like  hail.  The  slope  of  this  section  of  the  river 
is  entirely  too  great  to  render  it  permanently  navigable  at  all  seasons  by 
contracting  the  channel,  and  I  believe  that  the  only  plan  of  permanent  im- 
provement for  it  would  be  by  a  system  of  locks  and  dams,  and  until  the 
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regimen  of  the  river  becomes  nearer  fixed,  I  would  not  recommend  that 
this  plan  be  adopted.  I  think,  however,  that  if  the  water  should  be  par- 
tially controlled  by  cutting  off  certain  sloughs  and  by  building  a  few 
wing-dams  in  the  vicinity  of  the  worst  bars,  so  as  to  confine  the  river 
as  much  as  possible  during  low  water  in  one  channel,  then,  with  a  self- 
propelling  snag-boat,  with  a  scraper  and  pile-driver  attached,  I  could 
keep  the  river  open  for  light-draught  steamers  for  at  least  three-fourths, 
and  perhaps  the  whole  year. 

I  would  start  this  boat  from  Eugene  as  the  freshet  commences  to 
subside,  and  by  the  time  of  low- water  the  bars  would  be  scraped  and  the 
worst  snags  removed.  With  the  pile-driver  the  crew  could  easily  and 
quickly  build  temporary  dams  to  sluice  out  a  channel  where  scrapiug 
would  not  be  sufficient.  The  localities  in  this  section  where  the  greatest 
waste  of  water  occurs,  and  which  first  require  attention,  are  at  White's 
Rapid,  Saw-mill  Bend,  Trout  Bar,  Ohio  Chute,  Bromley's  Bend,  Alford's 
Chute,  Wilson's  Chute,  Peoria,  and  Centennial  Slough  ;  at  Ohio  Chute 
and  Centennial  Slough  the  channel  has  vastly  improved  since  last  year. 

In  addition  to  these  troubles  snags  and  drift-logs  are  numerous,  and 
each  freshet  adds  to  their  number;  annual  appropriations  will  be  re- 
quired to  remove  these,  and  will  continue  to  be  necessary  until  the  tim- 
ber shall  have  been  removed  from  the  immediate  banks  of  the  river. 

For  this  section  I  would  therefore  recommend  the  construction  and 
maintenance  of  a  steam  snag-boat  with  scraper  and  pile-driver  attached, 
and  that  about  6,000  feet  of  cut-off  dams  and  8,000  feet  of  wing  dams  be 
built  at  the  localities  already  mentioned,  where  the  greatest  waste  of 
water  and  the  most  trouble  occurs. 

After  the  construction  of  these  dams,  and  of  the  new  snag- boat,  I  think 
that  an  annual  appropriation  of  $6,000  will  be  sufficient  to  keep  this  sec- 
tion of  the  river  open  for  light-draught  boats  for  at  least  three-fourths, 
and  perhaps  the  entire  year. 

Up  to  this  time  the  ohly  work  done  above  Corvallis  cousists  of  the 
removal  of  drift  and  suags  at  different  points,  the  greater  portion  having 
been  taken  from  Booneville  Slough,  Centennial  Slough,  mouth  of  Long 
Tom,  Wilson's  and  Ohio  Chutes,  and  Harrisburg  Beud. 

2.  THE  LOWER  SECTION — CORVALLIS  TO  PORTLAND. 

As  stated  in  my  last  report,  but  little  change  has  occurred  in  the  gen- 
eral direction  of  the  channel  in  this  section  for  a  number  of  years ;  light- 
draught  boats  can  generally  run  to  Salem  at  all  seasons  of  the  year,  and 
to  Corvallis  at  all  times  except  during  lowest  water. 

The  difficulties  in  the  way  of  navigation  consist  of  numerous  gravel- 
bars,  some  rocky  ledges,  and  various  accumulations  of  drift  and  snags. 
Many  of  these  bars  have  been  greatly  improved  by  constructing  wing- 
dams,  but  there  are  several  still  very  troublesome;  these  will  be  enu- 
merated in  another  portion  of  this  report 

I  believe  that  the  channel  in  this  section  of  the  river  may  be  main- 
tained so  as  to  be  navigable  the  entire  year  for  boats  drawing  2£  feet. 
To  do  this,  I  think,  after  removing  some  rocks,  the  present  snag-boat, 
if  supplied  with  propelling-power,  a  scraper,  and  a  pile-driver,  will  be 
sufficient  for  the  present;  the  boat  can  toe  laid  up  at  Corvallis  during 
high  water,  and,  as  the  freshet  recedes,  can  drop  down,  scraping  bars, 
removing  snags,  and  building  short  dams  where  necessary  to  sluice  out 
a  channel  that  cannot  be  improved  by  scraping.  I  do  not  consider  it 
necessary  to  continue  the  construction  of  extensive  dams  after  this 
season,  but  prefer  to  wait  until  I  can  have  a  complete  and  accurate  sur- 
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vey  made  of  the  whole  river  between  Corvallis  and  Portland  before 
offering  any  detailed  and  elaborate  plan  for  the  permanent  contraction 
of  the  channel.  After  the  completion  of  work  this  season,  and  removing 
certain  rocks  above  Oregon  City  hereafter,  I  think  a  good  snag-boat 
can  keep  the  river  open  throughout  low-water  seasou  by  promptly  pro- 
ceeding to  any  point  where  trouble  may  occur.  The  cost  of  supplying 
the  present  snag-boat  with  propelling-power,  scraper,  pile-driver,  &c, 
would  be  $6,500.  A  complete  survey  of  the  river  between  Corvallis  and 
Portland,  a  distance  of  114  miles,  would  cost  about  $12,000. 

BARS,  ETC.,  BETWEEN  CORVALLIS  AND   OREGON  CITY. 

As  previously  stated,  obstructions  to  navigation  exist  at  various  points 
in  this  section  of  the  river.  Proceeding  from  Corvallis  down  stream  we 
find  the  first  at 

HALF  MOON  BEND,  UPPER  BAR, 

four  miles  below.  The  river  at  this  point  is  440  feet  wide.  The  left  bank 
is  about  15  feet  above  low-water,  nearly  vertical,  formed  of  sand  and 
clay,  and  yields  readily  to  erosion ;  the  right  shore  is  a  shelving  bank  of 
gravel,  of  which  the  obstructing  bar  is  a  continuation.  During  the  sum- 
mer of  1876  two  wing-dams  of  nearly  equal  length  were  built  just  above 
the  bar,  one  on  each  side.  The  good  effected  by  these  dams  is  shown  by  the 
fact  that  the  depth  over  the  bar  has  been  increased  from  22  to  51  inches. 
During  the  high-water  last  winter  the  bank  on  the  left  side  and  the 
gravel  on  the  right,  upon  which  the  shore-ends  of  the  dams  rested,  were 
cut  away,  leaving  gaps  which  were  closed  this  season. 

The  lower  bar  is  situated  one-third  of  a  mile  farther  down.  The  river 
here  is  450  feet  wide,  very  crooked  for  some  distance  above  and  below 
the  bar,  and  for  several  years  has  been  shoaling,  until  at  length  a  bar 
has  been  formed.  A  survey  of  this  locality  was  made  in  June,  1877,  and 
a  dam  constructed  which  it  is  hoped  and  expected  will  sluice  out  a  chan- 
nel very  soon. 

bower's  bar. 

This  obstruction,  next  in  order,  is  situated  about  7  miles  below  Cor- 
vallis. A  crib-dam  was  built  here  in  1872,  and  a  channel  obtained  100 
feet  wide  and  42  inches  deep,  too  narrow  to  afford  sufficient  water-way 
at  the  low  stage  of  the  river.  The  water  being  unable  to  erode  the  hard 
bottom  on  which  the  dam  was  built,  cut  a  passage  through  the  loose 
gravel  spit  500  feet  above  and  thus  diverted  about  one-third  of  the  vol- 
ume of  the  river  from  the  steamboat-channel. 

As  this  cut  was  enlarging  rapidly,  it  was  decided  to  close  it  in  the 
summer  of  1876  by  means  of  a  dam,  to  prevent  the  whole  river  turning 
into  a  circuitous  channel.  Soon  after  the  completion  of  the  dam  and 
before  its  acceptance,  it  was  ruptured  by  the  water  and  a  length  of  20 
feet  carried  away,  causing  such  a  sluice  through  the  opening  that  in  a 
short  time  the  depth  in  the  gap  was  increased  from  6  to  11  feet;  this 
was  speedily  repaired,  but  was  again  badly  injured  by  the  freshet  in  the 
fall  of  1876.  The  volume  passing  through  the  gap  was,  however,  found 
to  be  much  less  this  spring  than  last  year,  the  greater  portion  of  the 
river  being  retained  in  the  straight  channel.  In  June,  1877,  the  dam 
was  strengthened  and  repaired  and  the  shore  above  revetted. 

pine  tree  bar. 

The  next  difficulty  heretofore  has  been  encountered  at  this  rapid  about 
14  miles  below  Corvallis.    The  river  is  480  feet  wide ;  on  the  right  side 
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(concave)  the  bank  is  15  feet  bigh,  and  of  sandy  soil,  overlying  gravel 
which  is  from  3  to  5  feet  thick ;  under  this  is  a  hard-pan,  a  ledge  of 
which  extends  out  into  the  river.  On  the  opposite  side  the  bank  is  low 
and  shelving,  composed  of  loose  gravel  thinly  covered  down  to  the  low- 
water  line  with  willows  of  recent  growth.  Dams  were  built  on  each 
side  last  year,  by  which  the  depth  was  increased  from  24  inches  to  43 
inches.  One  of  the  dams  was  somewhat  injured  by  heavy  drift-logs  last 
winter,  but  has  been  repaired  this  season. 

UPPER  FICKEL'S  BAB. 

This  obstruction  is  19  miles  below  Corvallis.  Previous  to  the  con- 
struction of  the  dams  at  this  locality  last  seasou,  the  steamboat-channel 
was  close  under  the  left  bank,  and  so  narrow  as  to  make  the  passage 
difficult.  By  building  a  dam  across  this  channel,  and  closing  a  narrow 
slough  which  made  off  from  the  river  half  a  mile  above,  the  entire  volume 
was  made  to  flow  over  the  middle  of  the  bar,  and  the  consequent  erosion 
produced  a  channel  4  feet  deep,  which  it  is  hoped  will  be  permanent. 

LOWER  FICKEL'S  BAR 

is  one  mile  lower  down,  and  almost  identical  in  shape  and  general  char- 
acter with  the  upper  bar  of  the  same  name.  A  subordinate  channel, 
called  Black  Dog  Slough,  formerly  left  the  river  half  a  mile  above,  divert- 
ing considerable  water.  Tbis  was  closed  by  a  dam  last  summer,  and 
another  dam  was  built  on  the  left  side  of  the  bar,  which  has  greatly 
improved  the  channel,  increasing  the  depth  from  about  2  to  over  4  feet. 

BUENA  VISTA  BAR. 

The  next  impediment  is  24  miles  below  Corvallis. 

This  has  always  been  one  of  the  worst  places  on  the  river,  if  not  the 
very  worst.  A  gravel-bar,  5,000  feet  long,  extends  diagonally  from  the 
right  toward  the  left  shore.  It  is  from  200  to  800  feet  wide,  and  from  1 
to  3  feet  above  low  water.  It  divides  the  river  into  two  channels,  the 
left  of  which  is  the  principal  and  only  one  navigable,  carrying  the  whole 
volume  of  the  water,  except  a  small  portion  flowing  through  two  streams 
which  come  over  the  head  of  the  bar  into  the  right  channel,  which  is 
nearly  slack- water.  The  river  is  from  600  to  900  feet  wide,  the  left  shore 
steep,  the  bank  formed  of  stiff  clay,  which  resists  erosion ;  the  other 
shore  is  low,  of  sand  and  loam,  and  subject  to  overflow.  At  the  lower 
end  of  the  long  bar  the  obstruction  occurs.  The  surface  of  the  water 
at  the  low  stage  is  nearly  2  feet  lower  in  the  right  channel  than  in  the 
left,  and  the  tendency  of  the  current  is  to  flow  across  the  whole  bar 
toward  the  right  side. 

Last  season  it  was  determined  to  build  a  dam  along  the  crest  of  this 
bar  near  its  lower  end,  beginning  at  the  point  where  the  water  com- 
mences to  flow  over,  and  running  it  parallel  to  the  general  direction  of 
the  stream  as  far  as  might  be  necessary  to  scour  a  channel  through  the 
lower  end  of  the  bar. 

The  work  was  staked  out  and  the  contractor  instructed  to  commence 
at  the  upper  end  and  rapidly  build  down  stream,  completing  the  dam 
as  he  progressed.  Instead  of  this,  he  undertook,  against  the  advice  of 
the  inspector  of  the  work,  to  build  from  both  ends  toward  the  ceuter, 
leaving  the  deepest  part  for  the  last,  and,  as  a  consequence,  the  current 
commenced  cutting  through  the  gravel,  running  at  the  rate  of  about  5 
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miles  an  boar,  and  before  the  gap  could  be  closed  made  a  cat  11  feet 
deep,  and  damaged  his  work  very  much.  Assistant  Engineer  Haber- 
sham was  at  once  sent  to  the  locality,  and  with  his  energetic  assistance, 
after  changing  somewhat  the  general  direction  of  the  lower  portion  of 
the  dam,  the  work  was  completed.  It  was  an  exceedingly  difficult  job, 
and  had  Mr.  Habersham  not  been  on  the  ground  I  doubt  whether  the 
contractor  would  have  succeeded. 

The  plan  adopted  was  as  follows :  A  line  of  piles  5  feet  apart  was 
driven  to  hard  bottom  throughout  the  length  of  the  proposed  dam. 
Just  above  the  piles  a  course  of  gunny  sacks,  about  three  quarters  filled 
with  gravel,  was  laid  close  together  with  their  ends  up  and  down  stream. 
Next  came  a  course  of  fascines  of  fir  boughs,  20  feet  long,  their  butt- 
ends  dowu  stream,  resting  on  the  sacks,  and  each  weighted  down  with 
2  or  3  sacks  of  gravel.  Then  a  second  course  of  sacks  doubled  the  in- 
tervals filled  with  loose  gravel.  This  process  was  repeated  until  the 
dam  was  built  up  to  within  a  foot  of  the  surface  of  the  water.  Then  a 
line  of  stringers,  logs  about  a  foot  in  diameter,  held  by  ropes  to  piles 
driven  about  30  feet  up  stream,  was  laid' on  the  crest  of  the  dam  and 
weighted  down  with  fascines  and  gravel,  the  latter  about  2  feet  thick 
and  raked  smooth.  The  ropes  holding  the  stringers  were  then  cut. 
By  building  the  dam  in  layers,  the  water  was  gradually  diverted,  but 
incessant  watchfulness  was  necessary  to  preveut  cutting  the  gravel 
around  the  piles.  A  scow-load  of  sacks  of  gravel  was  kept  ready  for 
immediate  use,  and  this  saved  the  work,  as  the  gravel  commenced  wash- 
ing out  three  times  during  the  construction.  This  method  of  building 
cheap  dams  in  swift  water  appears  to  be  quite  satisfactory.  The  effect 
of  this  dam  was  to  wash  away  the  lower  end  of  the  long  bar,  removing 
two  smaller  islands  covered  with  young  willows  which  projected  above 
the  water,  deepening  the  channel  and  lessening  the  inclination  over  the 
bar.  The  winter  flood  did  not  injure  the  work,  but  in  May,  1877,  a  raft 
of  logs  carried  away  about  60  feet,  causing  a  sensible  waste  of  water 
through  the  gap.  This  will  be  repaired,  and  additional  work  added  this 
season.  Two  short  dams  were  also  built  above  the  bar,  cuttiug  off 
minor  channels  running  behind  islands. 

The  next  obstruction  has  hitherto  been  found  at 

LONG-GROSSING  BAB, 

twenty-seven  miles  below  Corvallis.  This  is  simply  a  wide  portion  of 
the  river  where  the  loss  of  velocity  causes  a  bar.  The  steamboat-chan- 
nel, where  there  was  only  about  24  inches  depth  at  extreme  low  water, 
was  formerly  under  the  west  shore.  In  the  middle  of  the  river  there  was 
only  12  inches.  Last  summer  two  wing-dams  were  built,  concentrating 
the  water  in  the  middle  of  the  stream,  and  sluicing  out  a  channel  4£  feet 
deep  at  low  water. 

HUMPHREY'S  ROCKS, 

thirty-one  miles  below  Corvallis,  is  the  next  obstruction.  There  are  two 
channels  here.  The  eastern  is  obstructed  by  a  bar,  showing  gravel  on 
its  surface,  and  is  only  navigable  during  the  high  stages  of  the  river. 
Several  years  ago  an  attempt  was  made  to  divert  sufficient  water  from 
the  west  channel  to  remove  this  bar,  by  constructing  a  wing-dam.  The 
object  in  view  was  not  accomplished.  The  west  channel  is,  and  will 
probably  continue  to  be,  the  best  for  navigation,  and  it  is  possible 
that  it  may  be  necessary  to  entirely  close  the  other.  It  is  obstructed 
by  a  ledge  of  rocks,  which,  from  all  appearances,  is  the  same  on  which 
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the  gravel-bar  at  the  head  of  the  east  channel  rests,  while  the  island 
between  the  two  channels  is  a  deposit  of  gravel  and  alluvium  dropped 
below  the  ledge  by  the  current,  and  afterward  overgrown  by  vegetation. 
The  gradual  growth  of  this  island  has  contracted  the  water-way,  causing 
considerable  erosion  of  the  banks  on  both  sides  of  the  river.  Forty- 
seven  cubic  yards  of  rock  were  removed  from  this  ledge  during  the  past 
summer,  greatly  improving  the  west  channel. 

ROCKY  RAPID, 

about  39  miles  below  Corvallis,  was  the  next  obstruction.  A  ledge  of 
basaltic  rock  crops  out  from  the  east  shore  at  low-water  mark  with  a 
dip  of  about  4  degrees,  running  under  water.  On  top  of  the  ledge  were 
a  number  of  loose  fragments  of  rocks  of  various  sizes,  which  had  from 
time  to  time  injured  steamers.  These  pieces  were  broken  up  by  blast- 
ing, and  a  rough  wall  built  with  them  on  the  ledge  near  the  shore.  An 
isolated  rock  was  also  removed  from  the  channel.  The  bar  is  now  in 
good  condition,  and  has  a  depth  of  over  4  feet  at  low  water  upon  it. 

EOLA  BAR, 

• 

forty-two  miles  below  Corvallis,  is  the  only  obstruction  between  Eocky 
Rapid  and  Salem.  The  channel  is  shallow  and  very  crooked,  and  gen- 
erally gives  trouble  toward  the  end  of  the  low-water  season.  No  work 
has  heretofore  been  done  upon  it,  but  wing-dams  will  be  constructed 
this  season. 

Salem,  the  capital  of  Oregon,  is  45  miles  below  Corvallis,  and  about 
58  miles  above  the  falls  at  Oregon  City. 

The  first  obstruction  below  Salem  occurs  at 

m'closkey's  chute, 

Dine  miles  distant.  The  river  here  divides  into  two  principal  channels, 
the  eastern  and  western.  The  latter,  after  losing  a  large  portion  of  its 
volume  through  an  arm  which  leaves  it  a  short  distance  from  its  head, 
spreads  over  a  shallow  bar,  and  the  difficulty  occurs  at  that  point. 
Although  the  volume  of  the  east  channel,  which  is  the  straighter  and 
mast  eventually  be  the  main  one,  has  increased  somewhat  within  the 
last  two  years,  still,  as  yet,  the  western  carries  by  far  the  greater  amount 
of  water,  and  will  be  used  probably  for  the  next  two  years.  As  the 
snag-boat  was  being  towed  up  the  river,  it  was  left  here  for  a  day  or 
two  and  raked  the  channel,  improving  it  somewhat,  and  showing  what 
can  be  done  if  the  boat  should  be  furnished  with  sufficient  power.  Dur- 
ing the  present  season  wing-dams  will  be  constructed  here,  which  it  is 
hoped  will  assist  materiajly  in  sluicing  a  channel  through  the  bar. 

LONE  TREE  BAR, 

eleven  miles  below  Salem,  gave  a  great  deal  of  trouble  previous  to  the 
fall  of  1875.  The  river  is  900  feet  wide  during  ordinary  stages,  and  400 
feet  during  low  water;  a  wing-darn  1,430  feet  long  was  constructed, 
under  the  supervision  of  my  predecessor,  which  increased  the  depth  on 
the  bar  from  18  to  36  inches;  the  dam  was  somewhat  injured  by  the 
freshets  of  the  winters  of  1875-76  and  1876-'77,  and  will  be  repaired 
during  the  present  season. 
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I  GEBVAIS  SLOUGH, 

about  18  miles  below  Salem,  is  now  the  only  channel  at  low  water,  the 
crooked  arm  formerly  the  principal  channel,  known  as  Biterman's  Bend, 
having  become  closed  by  drift  and  gravel-bars.  During  the  past  winter 
the  floods  stripped  the  vegetation  from  the  lower  end  of  the  island,  and 
caused  a  great  deal  of  erosion  at  the  same  point;  the  next  high  water 
will  probably  complete  the  removal  of  this  tongue  of  laud,  and  greatly 
improve  the  river  here. 

BENNETT'S  DREAD  SLOUGH. 

This  slongh  is  22  miles  below  Salem ;  the  volume  of  water  passing 
through  it  is  more  than  triple  that  of  two  years  since,  the  minimum 
depth  having  increased  from  6  to  24  inches ;  erosion  of  the  bottom  is 
progressing  so  rapidly  that  in  a  year  or  two  more  this  will  probably  be 
the  steamboat-channel;  the  change  is  due  partly  to  the  removal  of 
snags,  and  partly  to  the  dam  constructed  at  Union  Bar  in  1875,  whereby 
a  greater  volume  of  water  passes  down  the  slough ;  should  it  become 
the  main  channel,  as  is  expected,  1,800  feet  in  distance  will  be  saved 
and  two  difficult  bars,  "  Union "  and  "Bennett's  Dread,"  avoided.    At 

CABBY'S  BEND, 

thirty-six  miles  below  Salem,  the  channel  is  more  direct  than  it  was  last 
year,  and  it  is  probable  no  work  except  the  removal  of  snags  will  be 
required. 

POLALLEY   BAB, 

fifty-three  miles  below  Salem,  gives  trouble  this  season ;  there  are  two 
channels,  one  in  the  middle  of  the  river,  the  other  along  the  west  side; 
two  minor  channels  leading  from  the  main  stream  above  the  bar  will  be 
closed  this  season,  and  a  wing-dam  constructed  so  as  to  deepen  the 
channel  in  the  middle  of  the  river. 

A  short  distance  below  Polalley  Bar  basaltic  rock  again  appears,  and 
we  find 

bissell's  book. 

The  removal  of  about  100  yards  of  rock  would  greatly  improve  the 
channel  here ;  hitherto  buoys  have  been  located  on  the  rocks,  but  all 
have  been  carried  away ;  new  ones  have  been  made  which  will  be  placed 
in  position  during  the  present  season. 

Just  below  Bock  Island,  and  about  3  miles  above  Oregon  City,  we 
find 

dove's  book, 

a  dangerous  obstacle  at  certain  stages  of  the  river.  This  rock  is  nearly 
level,  and  stands  about  6  inches  on  an  average  out  of  water,  at  the 
lowest  stage,  but  at  all  times  when  it  is  covered  with  from  1  to  5  feet 
water  the  current  sweeps  over  it  with  such  force  as  to  make  it  very  diffi- 
cult for  descending  steamers  to  make  the  sharp  bend  in  the  channel 
necessary  to  avoid  it ;  one  steamer  has  been  wrecked  here,  and  others 
injured;  at  low- water  and  during  floods  there  is  no  trouble.  I  think  it 
best  here  to  widen  and  straighten  the  channel  so  that  steamers  descend- 
ing will  pass  between  Dove's  Rock  and  the  ledge  to  the  right  of  it,  in- 
stead of  making  the  sharp  turn  now  necessary  to  pass  to  the  left  of  it ; 
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a  channel  75  feet  wide  can  be  obtained  by  removing  about  300  cubic 
yards  of  rock,  which  can  be  blown  off  into  deep  water,  and  the  channel 
raked. 

The  foregoing  completes  the  list  of  impediments  to  navigation  be- 
tween Oorvallis  and  Oregon  City. 

A  careful  observation  of  the  river  during  its  lowest  stage  for  the  past 
two  years  has  shown  how  the  obstructions  at  the  gravel-bars  occur ; 
take  for  example  McCloskey's  Chute,  9  miles  below  Salem,  which  always 
gives  trouble  during  the  early  part  of  the  season.  During  the  higher 
stages,  the  depth  of  water  and  the  velocity  of  the  current  are  nearly 
uniform  all  over  the  bar,  the  small  irregularities  not  affecting  sensibly 
the  general  flow  of  the  current ;  but  by  the  time  the  water  has  nearly 
reached  its  lowest  stage,  the  surface  of  the  bar  presents  several  dry 
ridges,  separated  by  shallow  channels,  neither  of  them  deep  enough  to 
be  navigable;  erosion  continues  most  rapidly  where  the  gravel  is  finest, 
and  here  the  volume  and  current  increase,  the  other  channels  being  in 
proportion,  until  nearly  the  whole  body  of  the  river  passes  through  one 
channel,  after  which  there  is  plenty  of  water  for  the  rest  of  the  season. 

The  first  flood,  however,  fills  up  the  new  channel,  and  every  season 
the  two  processes  are  repeated  from  one  to  three  months,  each  spring 
and  summer  being  consumed  in  forming  a  new  channel,  navigation 
during  this  period  being  seriously  interrupted.  A  small  steamer  pro- 
vided with  a  scraper  and  pile-driver  could  in  a  few  days  open  each  of 
these  channels,  and  the  current  following  the  scraper  would  keep  them 
open  throughout  the  season. 

OPERATIONS  DURING  THE  FISCAL  YEAR. 

Work  has  been  in  progress  during  the  fiscal  year,  constructing  wing- 
dams  and  removing  rocks  under  contract,  and  removing  trees,  stumps, 
and  snags  with  the  United  States  snag-boat.  The  work  done  under 
contract  in  the  summers  of  1876  and  1877  has  been  as  follows : 


Name  of  locality. 


Half-Moon  Bend,  upper  bar 
Half-Moon  Bend,  lower  bar 

Bower's  Bar 

Pine-tree  Bar 

Upper  Fickel's  Bar 

Black-Dog  Slough 

Lower  Fickel's  Bar 

Above  Baena  Vista  Bar 

Boena  Vista  Bar 

Long  Crossing:  Bar 

Humphrey's  Bocks 

Rocky  Rapid 


Total. 


-°8 


t 

o 

a* 
M 


110* 
110 
107 
101 

95| 

95* 

95 

91 

90* 

88 

84 

76 


•9g 


s 


0 

o 


47 
24* 


71* 


S  g> 

US 

a 

_  a 


3 


727 
189 
423 
583 
553 
331 
190 
230 
750 
756 


4,732 


•si 


g 


fi* 


Inches. 

22 

24 

42 

18 

36 
Cutoff 

18 
Cutoff 

20 

24 

22 

36 


S 


Inches. 
51 

(*) 
54 
48 
48 


53 


36 
54 
36 
54 


»» 


(*)  Dam  bnilt  in  Jnne.  1877. 


The  two  last  columns  show  the  actual  increase  of  depth  gained  by  the 
improvements  at  all  bars,  except  Buena  Vista  and  Lower  Fickel's,  where 
it  is  much  greater,  the  channel  at  these  localities  having  been  entirely 
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changed,  crossing  the  bars  at  points  where  formerly  there  was  from  6 
to  12  inches  of  water  only.  The  total  work  under  contract  consisted, 
therefore,  in  constructing  4,732  feet  of  dams,  and  excavating  71J  cubic 
yards  of  rock. 

THE  UNITED  STATES  SNAG-BOAT. 

The  opening  of  the  fiscal  year  found  the  snag  boat  engaged  near  what 
is  known  as  the  "Turntable"  in  the  Centennial  Slough ;  a  large  quantity 
of  drift  had  accumulated  here,  so  thick  that,  in  the  words  of  the  master 
of  the  snag-boat,  "  it  was  almost  as  bad  as  going  through  thick  woods." 
The  boat  was  continually  engaged  on  the  river  until  November  10,  be- 
tween Peoria  and  Oregon  City,  and  on  that  day  was  laid  up  for  the 
season  on  account  of  high  water.  During  this  period  552  trees,  logs, 
roots,  &c,  were  removed  from  the  vicinity  of  various  localities,  as 
follows: 

Centennial  Slongh 34 

Foot  of  Palmer's  Prairie 36 

Hogue's  Slough  and  Corvallis 195 

Half-Moon  Bend  and  Bower's  Bar 107 

Buena  Vista 50 

Eola  Slough ^ 50 

Mouth  of  the  Luckiamute 32 

Independence  and  Gervais  Slongh 38 

Below  Sajem * 10 

Total 552 

Many  of  these  were  enormous  trees,  necessitating  blasting  with  giant 
powder  before  they  could  be  removed.  In  November,  the  river  being 
too  high  for  work  of  removing  snags,  the  boat  was  sent  to  the  assistance 
of  the  wrecked  steamer  Bonanza,  and  succeeded  in  saving  her  when  she 
had  been  almost  given  up  as  a  total  loss;  tbe  services  of  the  crew  while 
engaged  upon  this  work  were  paid  for  by  the  owners  of  the  steamboat, 
the  United  States  being  at  no  expense  in  the  case. 

After  the  close  of  the  season,  the  snag-boat  was  beached  at  Portland, 
and  an  examination  of  her  hull  showed  it  to  be  so  badly  decayed  as  to 
render  a  new  one  necessary.  By  authority  of  the  Chief  bf  Engineers, 
an  agreement  was  made  for  the  construction  of  a  new  hull  of  very  light 
draught  on  plans  prepared  in  this  office,  the  builder  to  receive  the  old 
hull  and  $1,800 ;  the  work  was  commenced  early  in  March,  and  by  April 
30  the  new  snag-boat  Corvallis  was  completed,  the  machinery  and  the 
upper  works  having  been  transferred  to  her  from  the  old  one.  On  May 
1  the  boat  was  put  in  commission,  and  early  in  the  month  towed  up  the 
Willamette  to  the  vicinity  of  Peoria,  from  whence  she  dropped  down 
stream,  removing  snags  as  she  descended.  At  the  Centennial  Slough, 
last  winter's  flood  had  brought  down  a  large  quantity  of  drift,  which 
had  formed  a  jam  about  1,200  feet  below  the  head,  filling  the  steamboat- 
channel  and  forming  an  almost  solid  raft  from  the  point  of  obstruction 
to  the  head  of  the  slough ;  beside  this,  the  river  for  about  1,000  feet 
above  the  slough  was  almost  closed  by  drift;  the  boat  cleared  a  chan- 
nel through  this  about  100  feet  wide,  and  at  the  close  of  the  fiscal  year 
was  at  work  in  the  vicinity  of  Corvallis.  During  this  period  349  snags, 
roots,  trees,  &c,  were  removed,  making  a  total  of  901  removed  during 
the  fiscal  year.  During  the  present  season  it  is  proposed  to  continue 
operations,  removing  snags,  trees,  &c,  from  the  channel,  and  to  con- 
struct about  4,000  linear  feet  of  wing-dams  at  Buena  Vista  Bar,  Eola 
Bar,  McCloskey's  Chute,  Lone-tree  Bar,  and  Polalley  Bar.  Should 
improvements  be  needed  at  other  bars,  as  we  descend  the  river,  they  will 
be  made. 
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The  project  now  presented  consists  of  the  following : 
To  build  6,000  feet  of  cut-off  dams  and  8,000  feet  of  wing-dams,  and 
constract  a  snag-boat  with  scraper  and  pile-driver  for  work  above  Cor- 
vallis ;  to  add  propelling  power,  scraper,  and  pile-driver  to  the  present 
snag-boat  for  work  below  Corvallis;  to  remove  portions  of  Bissel's  and 
Dove's  Rocks  above  Oregon  City,  and  to  make  a  complete  survey  between 
Corvallis  and  Portland,  a  distance  of  114  miles.  The  estimated  cost  of 
this  project  is  as  follows : 

6,000  feet  of  cut-off  dam,  at  $3 $18,000  00 

8,000  feet  of  wing-dam,  at  $2 16,000  00 

New  snag-boat  above  Corvallis 12,000  00 

Improvement  of  snag-boat  below  Corvallis 6,500  00 

Survey  between  Corvallis  and  Portland,  114  miles 12,000  00 

Maintenance  of  two  snag-boats,  each  six  months,  at  (900  per  month,  each 

$5,400 10,800  00 

Removing  100  cubic  yards  Bissers  Rock,  at  $9 900  00 

Removing  300  cubic  yards  Dove's  Rock,  at  $5 1,500  00 

Contingencies  and  engineering 2,300  00 

Total 80,000  00 

An  annual  appropriation  of  about  $12,000  will  be  required  to  keep  the 
snag-boats  in  order  and  run  them. 

The  following  statistics  required  by  the  act  of  June  23,  1866,  are  re- 
spectfully submitted : 

The  appropriations  for  this  work  have  been  as  follows : 

Act  of  March  3,  1871 $16,000  00 

Act  of  March  3,  1673 3,000  00 

Actof  June  23,  1H74 7,500  00 

Act  of  March  3, 1875 25,000  00 

Act  of  August  14, 1876.. 20, 000  00 

71,500  00 

Of  this  amount  $57,258.22  has  been  expended  to  date.  The  project 
now  submitted  calls  for  the  construction  of  certain  dams,  and  building, 
and  maintenance  for  one  year,  of  snag  boats  at  a  cost  of  $80,000 ;  of  this 
amount  $50,000  can  be  profitably  expended  during  the  next  fiscal  year. 

This  river  is  in  the  collection-district  of  the  Willamette;  Portland,  Oreg.,  is  the 
nearest  port  of  entry,  and  the  nearest  light-houses  and  works  of  defense  are  at  the 
mouth  of  the  Columbia  River. 

The  amount  of  revenue  collected  at  the  port  of  Portland,  Oreg.,  during  the  eleven 
months  ending  June  1,  1877,  was  $125,317;  the  value  of  the  imports  was  $388,476,  and 
of  the  exports  $2,509,159 ;  177  vessels  with  an  aggregate  tonnage  of  152,961  tons  entered, 
and  153  with  a  tonnage  of  144,296  tons  cleared  during  the  same  period.  There  are  four 
companies  now  running  boats  on  the  Upper  Willamette  River,  as  follows:  the  Willamette 
Transportation  and  Lock  Company,  U.  B.  Scott  &  Co.,  the  owners  of  the  S.  T.  Church, 
and  the  owners  of  the  McMennville. 

During  the  eleven  months  from  July  1, 1876,  to  June  1, 1877,  the  Willamette  Trans- 
portation and  Lock  Compauy  carried  through  their  locks  at  Oregon  City  the  following : 

Seven  thousand  six  hundred  and  seventy-seven  up-passengers ;  7,141  down-passen- 
gers; 6,098  tons  of  up-freight;  57,452  tons  of  down-freight;  of  the  latter,  49,699  tons 
was  wheat  and  flour. 

The  steamer  8.  T.  Church  ran  only  a  few  weeks  during  the  year,  and  carried  the  fol- 
lowing : 

One  hundred  and  twenty-five  passengers  up-stream ;  150  passengers  down-stream  ; 
100  tons  of  up-freight;  3,000  tons  of  down-freight ;  of  the  latter, 2,900  tons  was  wheat. 

I  was  unable  to  procure  information  from  the  other  companies  in  refer- 
ence to  the  amount  of  business  done  by  them. 

The  commerce  of  this  river  is  increasing,  but  I  cannot  give  an  estimate 
of  the  amount  that  will  be  benefited  by  the  completion  of  this  work ; 
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the  navigation  to  be  improved  extends  from  Portland  to  Eugene  City, 
a  distance  of  172  miles. 

Abstracts  of  proposals  and  contracts,  a  statement  of  funds,  and  9 
charts,  showing  location  of  work  done  daring  the  year,  are  transmitted 
herewith. 

Money  statement* 


Jnly  1. 1876,  amount  available $8,038  25 

Amount  appropriated  by  act  approved  August  14, 1876 20, 000  00 

July  1,  1877,  amount  expended  during  fiscal  year 13, 796  47 

July  1, 1877,  outstanding  liabilities 2,157  45 


$28,038  25 
15, 953  92 


July  1, 1877,  amount  available... 12,084  33 


Amount  (estimated)  required  for  completion  of  existing  project. 80, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879 .      50, 000  00 

Abstract  of  proposals  for  building  mng-dams  in  the  Upper  Willamette  River \  Oregon,  opened 
by  Maj.  John  M.  Wilson,  Corps  of  Engineers,  February  8, 1877. 


No. 

Names  and  residences  of  bidders. 

5,000  feet  wing- 
dams,    more 
or   less,  per 
linear  toot. 

Bemarks. 

1 
2 

3 

Peter  Paquet,  Oregon  City,  Oreg 

$1  90 
2  40 

2  40 

Contract  awarded. 

No  guarantee  accompanying  proposal.  •  Bid 
thrown  out 

Abstract  of  contracts  for  the  improvement  of  the  Upper  Willamette  River,  Oregon,  in  force 

during  the  fiscal  year  ending  June  30, 1877. 


Names  and  residences  of  contractors. 

Date  of  oontract. 

Class  L 

Class  II. 

Class  m. 

• 

u 

a 

a 

8,000  feet  of  wing- 
dams,  more   or 
less,  per  linear 
foot 

Removal  of  rock 
at  certain  points, 
per  cubic  yard. 

5,000  feet  of  wing- 
dams,  more  or 
less,  per  linear 
foot. 

1 

Peter  and  F.  X.  Paquet,  Oregon  City,  Oreg 

Grant  &  Stone  The  Dalles.  Orecr.. ............. 

Sept  6, 1875 

Feb.  26, 1877..... 

$1  80 

$15  00 

o 

$1  90 

J  J  3- 

IMPROVEMENT  OF  THE  UPPER  COLUMBIA   AND  SNAKE  RIVERS,  OREGON 

AND  WASHINGTON  TERRITORY. 

The  portions  of  these  rivers  to  be  considered,  and  for  which  appro- 
priations have  heretofore  been  made,  consist  of  the  Columbia  River  from 
Celilo,  240  miles  above  its  mouth,  to  its  junction  with  the  Snake  River, 
a  distance  of  117  miles,  and  the  Snake  River  from  its  mouth  to  Lewis- 
ton,  a  distance  of  149  miles,  making  a  total  length  of  266  miles  to  be 
improved.  Within  this  stretch  of  river -navigation  there  are  25  rapids, 
nearly  all  of  which  will  require  improvement  before  the  river  can  be 
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navigated  with  safety,  and  many  of  which  require  immediate  work  in 
order  that  steamers  may  ascend  to  Lewiston,  Idaho,  daring  the  low- 
water  season.  A  careful  reconnaissance  of  all  these  rapids  has  been 
made  by  myself,  and  surveys  have  been  made  of  some  of  them  under 
my  direction  during  the  past  fiscal  year,  and  I  am  now  able  to  give  a 
general  description  of  them,  and  to  present  a  project  for  the  improve- 
ment of  these  rivers  from  Celilo,  Oreg.,  to  Lewiston,  Idaho. 

THE  COLUMBIA  RIVER. 

Starting  from  Celilo,  the  terminus  of  the  railroad  around  the  Dalles 
of  the  Columbia,  the  first  difficulty  is  encountered  at 

FIVE-MILE  RAPID, 

about  that  distance  above.  This  place  requires  skillful  navigation,  but 
is  not  considered  by  pilots  very  dangerous.  To  improve  it  would  re- 
quire a  large  outlay  owing  to  the  length  and  massive  character  of  the 
rock.    No  work  is  proposed  here  at  present. 

LOWER  JOHN  DAY'S  RAPID 

is  10  miles  further  up.  At  this  locality  two  rocks  in  the  channel,  esti- 
mated to  contain  about  100  cubic  yards,  require  removal.  One  and  one- 
half  miles  above  is 

MIDDLE  JOHN  DAY'S  RAPID. 

A  rock  which  formerly  greatly  obstructed  the  channel  here  was  re- 
moved in  1874,  and  no  further  work  is  required  at  present. 

UPPER  JOHN  DAY'S  RAPID 

is  about  a  mile  above.  There  are  two  channels  here,  one  on  the  north 
and  one  on  the  south  side.  The  improvement  of  this  locality  is  of  first- 
class  importance,  and  the  removal  of  about  400  cubic  yards  of  rock  from 
the  channel  is  necessary  to  render  it  navigable  without  danger. 

INDIAN  RAPID, 

three  miles  above,  does  not  require  attention  at  present.  At  some  fu- 
ture day  it  may  be  deemed  necessary  to  remove  some  rock  lying  at  the 
head  of  the  rapids. 

SQUALLY  HOOK  RAPID 

is  next  in  order,  and  3  miles  above.  The  lower  portion  of  this  rapid 
has  been  much  improved  during  the  past  season.  At  a  low  stage  of  the 
river  loaded  boats  descending  will  be  obliged  to  drift  around  the  bend 
which  the  channel  makes,  but  this  can  be  done  with  safety  and  but 
little  delay,  and  no  trouble  will  be  had  by  boats  ascending.  Any  fur- 
ther improvement  will  require  the  removal  of  a  large  quantity  of  rock, 
and  is  not  recommended  at  present. 
Four  miles  above  is 

ROOK  GREEK  RAPID, 

a  place  where  there  are  three  channels.  The  main  one,  which  should 
be  used  for  running  down  stream,  is  obstructed  by  a  single  rock  in  mid- 
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channel ;  this  channel  is  on  the  south  side,  and  has  too  swift  a  current 
for  running  up  stream.  The  middle  channel  is  used  by  boats  ascending, 
and  is  good  for  that  purpose,  but  has  too  sharp  a  bend  for  coming  down. 
The  north  channel  is  used  at  present  for  boats  descending,  but  is  uarroT 
and  very  shoal  at  low- water.  The  rocks  to  be  removed  here  are  the  one 
in  the  main  channel,  one  which  divides  the  middle  from  the  north  chan- 
nel, and  a  small  one  on  the  lower  side  of  the  middle  channel,  aggregat- 
ing in  all  about  100  cubic  yards. 

OWYHEE  RAPID 

is  10  miles  above.    A  large  rock  was  removed  from  the  channel  here 
during  the  winter  of  1876-'77,  and,  although  the  rapid  requires  skillful 
navigation,  no  further  work  is  deemed  necessary  at  present. 
Twenty-three  miles  above  we  find 

CANOE  ENCAMPMENT  RAPID. 

No  material  difficulty  is  experienced  in  passing  this  by  daylight,  and 
no  work  is  deemed  necessary  at  present. 

devil's  bend, 

20  miles  beyond,  is  a  difficult  and  dangerous  place,  requiring  improve- 
ment; five  rocks  should  be  removed  from  the  chaunel  here,  aggre- 
gating in  all  about  150  cubic  yards.  Four  miles  above  Devil's  Bend  is 
the  town  of  Umatilla,  from  whence  a  line  of  stages  run,  crossing  the 
Blue  Mountains  and  connecting,  via  Pendleton,  Baker  City,  and  Boise, 
with  the  Central  Pacific  Bailroad  at  Kelton,  Utah.  Six  miles  above 
Umatilla  we  find  the 

LOWER  UMATILLA  EAPID. 

The  channel  here  is  very  crooked  and  its  improvement  of  primary  im- 
portance ;  at  least  225  cubic  yards  of  rock  should  be  removed  ;  the  work 
can  be  easily  accomplished,  as  the  current  at  the  stage  at  which  it  should 
be  done  is  comparatively  slack,  not  exceeding  4  miles  an  hour. 
A  short  distance  above  is 


MIDDLE  UMATILLA  RAPID 


> 


where  the  channel  is  difficult  and  dangerous  to  navigate ;  two  rocks  lie 
about  60  feet  apart,  one  on  each  side  of  the  channel  at  the  head  of  the 
rapid  ;  the  one  on  the  left  ascending  should  be  removed  ;  it  is  about  80 
feet  long  and  10  feet  wide,  with  a  depth  of  about  1£  feet  upon  it  at  low- 
water  ;  there  are  two  other  rocks  lying  directly  below  it,  at  a  distance 
of  about  200  and  300  feet  respectively,  both  on  the  same  side  of  the 
channel,  which  require  removal ;  the  total  to  be  removed  from  this  rapid 
is  about  150  cubic  yards. 

UPPER  UMATILLA  RAPID 

is  a  short  distance  farther  up ;  work  has  been  in  progress  here  for  the 
past  three  years,  improving  the  high-water  channel  so  as  to  render  it 
available  at  all  stages  of  the  river ;  it  has  now  a  width  of  70  feet  at  low- 
water,  which  should  be  increased  to  at  least  100  feet;  the  former  low- 
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water  channel  is  long,  crooked,  difficult,  and  dangerous,  expecially  with 
a  large  boat,  and  a  variation  of  15  or  20  feet  either  way  from  the  narrow 
channel  would  result  in  disaster.  To  complete  the  high-water  channel 
so  as  to  render  it  available  at  all  stages  of  the  river  will  require  the  re- 
moval of  about  300  cubic  yards  of  rock  in  addition  to  the  work  now 
under  contract.    About  10  miles  above  is  a  locality  known  as 

MILL  ROCK. 

This  place  is  difficult  to  pass  after  dark,  and  requires  skillful  naviga- 
tion at  all  times.  It  is  not,  however,  considered  dangerous  by  pilots, 
although  in  descending  with  a  well-laden  boat  very  careful  handling  is 
required.    No  work  is  proposed  here  at  present. 

The  town  of  Wallula  is  located  9  miles  above.  It  is  the  terminus  of 
the  Walla-Walla  and  Columbia  River  Railroad,  a  narrow-gauge  road, 
32  miles  long.  The  only  remaining  obstruction  between  Mill  Rock  and 
the  mouth  of  the  Snake  is 

HOMLY  RAPID, 

6  miles  above  Wallula.  The  larger  and  more  serious  obstacles  were  re- 
moved from  this  rapid  last  year,  but  the  river  is  shoal  and  bowlders  are 
liable  to  accumulate,  being  brought  down  by  floating  masses  of  ice. 

To  open  this  channel  so  as  to  render  it  safe  at  all  times  will  require 
the  removal  of  about  75  cubic  yards  of  rock.  From  Homly  Rapid  the 
river  presents  a  good  channel  to  the  mouth  of  the  Snake. 

THE  SNAKE  RIVER. 

Entering  this  river  we  find  some  bowlders  a  short  distance  above  the 
mouth  which  lie  in  the  deeper  portion  of  the  channel,  and  although 
their  removal  is  not  immediately  necessary,  still  at  some  future  day  it 
will  be  found  advantageous  to  take  out  at  least  three  of  them,  and  thus 
permit  steamers  to  pass  over  a  deeper  chauuel  than  they  now  use.  The 
first  serious  obstacle  is  encountered  at 

FIVE-MILE  RAPID, 

situated  about  that  distance  above  the  month.    This  calls  most  impera- 
tively for  improvement,  and  is  not  only  dangerous,  but  almost  impass- 
able at  low-water.    There  are  four  rocks  requiring  removal,  aggregating 
in  all  about  350  cubic  yards. 
Five  miles  above  is  a  locality  known  as 

THREE  ISLANDS. 

About  60  yards  of  rock  could  be  removed  here  with  advantage,  but 
as  it  is  not  deemed  absolutely  necessary,  it  is  not  recommended  for  the 
present. 

FISH-HOOK  RAPID, 

16  miles  from  the  mouth  of  the  Snake,  is  about  1  mile  in  length  and 
consists  of  three  belts  or  reefs.    One  rock  at  the  head  imperatively  de- 
mands immediate  removal,  and  work  is  required  on  each  of  the  reefs, 
aggregating  about  300  cubic  yards  in  all. 
The  next  obstruction  is  at 
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LONG  CROSSING  BAR, 

about  15  miles  above  Fish-Hook  Rapid.  The  channel  here  is  shoal, 
with  a  bottom  of  rock  and  large  bowlders.  Two  rocks  which  stand  in 
the  channel  opposite  to  about  the  middle  of  the  island  should  be  re- 
moved, and  some  of  the  bowlders  should  be  taken  from  the  edge  of  the 
reef  at  the  upper  end.  The  aggregate  amount  to  be  removed  here  is 
about  200  cubic  yards. 
Two  miles  beyond  is 

PINE-TREE  RAPID, 

a  very  long  and  dangerous  rapid,  exceedingly  difficult  to  navigate  ex- 
cept  at  high-water.  While  endeavoring  to  pass  this  in  the  autumn  of 
1876,  the  steamer  upon  which  I  was  traveling,  although  drawing  only 
about  2  feet  of  water,  struck  twice  and  filled  four  compartments  of  her 
hull,  and  in  spite  of  urgent  effort  was  obliged  to  return  without  cross- 
ing. The  channel,  however,  was  greatly  improved  during  the  winter  of 
1S76^77  by  making  a  cut  through  the  massive  reef  at  the  upper  end, 
hitherto  impassable  at  low-water,  and  removing  about  fourteen  other 
rocks.  Much  work  is  still  required  here ;  many  bowlders  must  be  re- 
moved and  the  chute  through  the  upper  reef  widened.  The  aggregate 
amount  to  be  taken  out  is  about  650  cubic  yards. 

MONUMENTAL  ROCKS 

are  about  8  miles  above  Pine-Tree  Rapid.  A  reef  stretches  across  the 
river  here  over  which  steamers  must  pass,  and  at  low-water  it  is  a  dan- 
gerous place.  The  channel  is  broad,  but  crooked  and  shallow.  Some 
high  point 8  of  rock  ou  the  reef,  principally  from  the  right  side  of  the 
channel  ascending,  require  removal,  the  aggregate  amount  being  about 
250  cubic  yards. 

FALSE  PALOUSE 

is  about  12  miles  farther  up.  The  channel  lies  between  massive  rocks 
and  is  narrow,  but  deep  and  straight.  It  should  be  widened  by  the  re- 
moval of  about  150  cubic  yards  of  rock.  Five  miles  above  False  Palouse, 
and  nearly  opposite  the  mouth  of  Palouse  River,  is 

PALOUSE  RAPID, 

a  wild,  dangerous  place,  where  the  river,  at  low-water,  dashes  through 
a  narrow  channel,  forming  a  natural  canal  through  the  rocks;  the  cur- 
rent is  rapid,  and  navigation  dangerous ;  at  least  five  rocks,  aggregating 
about  300  cubic  yards,  urgently  call  for  removal  at  this  place. 
About  10  miles  above  Palouse  we  find, 

TEXAS  RAPID. 

The  river  here  has  the  strongest  current  and  greatest  fall  in  a  short  dis- 
tance of  any  place  below  Lewistou.  The  rapid  is  about  1  mile  long,  and 
the  fall  is  said  to  be  over  15  feet.  No  really  distinct  channel  exists  at 
low-water,  the  river  being  so  much  divided  by  ledges  of  rock  ,*  one  line, 
more  distinct  than  the  rest,  will  be  selected  for  widening,  and  its  im- 
provement will  require  the  removal  of  about  700  cubic  yards  of  rock. 

From  Texas  Rapid  to  Lewiston  the  river  is  in  a  favorable  condition  for 
navigation,  with  a  good  gravel  bottom,  although  shoal,  and  is  tolerably 
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free  from  obstructions,  except  at  a  point  about  4  miles  below  Lewiston, 
where  several  rocks  in  a  beud  of  the  chanuel  may  ultimately  require 
removal.    This  is,  however,  not  immediately  necessary.    At 


STEPTOE  RAPID 


j 


20  miles  below  Lewiston,  there  is  a  gravel  bar  where  the  construction  of 
a  wing  dam  may  eventually  be  necessary.  There  are  numerous  other 
gravel  bars,  but  they  do  not  give  much  trouble. 

The  foregoing  shows  the  various  obstructions  to  navigation  between 
Celilo  and  Lewiston.  To  recapitulate,  the  work  required  will  be  the 
removal  of  rocks  about  as  follows: 


Upper  Columbia  Kiver. 

Suake  River. 

Name  of  rapid. 

i 
Amount. 

Name  of  rapid. 

Amount. 

1 
Oub.  yd*. 
100 
400  , 
100 
l.r>0 
«5 
150 
300 
75 

Five-Mile  Rapid 

Cub.  yds. 
35«> 

Fish-Hook  Rapid    

300 

Devil'a  lJeud  Rapid 

Long  CroeaiDK  Rapid 

200 

Pine-Tree  Rapid 

Pa  Ion  ne  Ropid 

650 

250 

Kiddle  Umatilla  Rapid 

150 

Upper  Umatilla  Rapid 

300 

700 

Total 

1,500  , 

i 

2,900 

Of  the  places  mentioned  there  are  six  demanding  immediate  improve- 
ment on  the  Snake  River,  namely,  Five-Mile,  Fish- Hook,  Pine-Tree, 
Monumental  Rocks,  Palouse,  and  Texas  Rapids,  while  on  the  Columbia 
additional  work  is  much  needed  immediately  at  the  Umatilla  and  John 
Day's  Rapids.  Upon  the  completion  of  work  at  the  six  places  named 
on  the  Snake,  the  rivers  may  be  pronounced  open  to  Lewiston,  but  the 
navigation  of  the  rapids  will  still  require  skillful  and  careful  pilots. 

OPERATIONS  DURING  THE  PRESENT  FISCAL  YEAR. 

Owing  to  the  river  rising  earlier  thau  usual  in  the  spring  of  187G, 
Messrs.  Grant  &  Stone  were  unable  to  complete  their  contract  of  Octo- 
ber 29, 1875,  within  the  time  prescribed,  and,  in  accordance  with  author- 
ity from  the  Chief  of  Engineers,  it  was  extended  until  April  1,  1877. 

In  July,  1870,  proposals  were  invited  for  removing  200  cubic  yards, 
more  or  less,  of  rock  from  the  channel  at  the  Upper  Umatilla  Rapids, 
and  on  August  30,  the  work  was  awarded  to  Mr.  J.  B.  Montgomery,  of 
Portland,  Oreg.,  the  lowest  bidder,  at  the  rate  of  $31  per  cubic  yard. 

By  the  act  of  Congress  approved  August  14,  1870,  an  appropriation  of 
%  15,000  was  made  for  the  improvement  of  the  Upper  Columbia  and 
Snake  Rivers,  and  it  was  determined  to  apply  it  to  the  improvement  of 
Squally  llook  Rapid,  Columbia  River,  and  Pine- Tree  Rapid,  Snake 
Kiver/and  to  remove  about  100  cubic  yards  of  rock  from  the  former 
and  about  480  yards  from  the  latter.  As  the  season  for  operations  was 
near  at  baud,  by  authority  of  the  Chief  of  Engineers,  instead  of  adver- 
tising, letters  were  at  once  addressed  to  the  various  contractors  who  bad 
hitherto  bid  upon  work  of  this  character,  requesting  them  to  inform  the 
engineer  in  charge  by  November  10,  1876,  at  what  rate  per  cubic  yard 
they  would  remove  the  amounts  ineutioued  from  Squally  llook  and  Pine- 
Tree  Rapids. 
60  £ 
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Proposals  were  received  from  three  parties,  and  the  work  was  awarded 
to  Messrs.  Grant  &  Stone,  the  lowest  bidders,  for  Squally  Hook,  at  $23, 
United  States  currency,  per  cubic  yard,  and  to  Mr.  J.  B.  Montgomery, 
the  lowest  bidder,  for  Pine-Tree  Rapid,  at  $24.75,  United  States  cur- 
rency, per  cubic  yard,  aud  contracts  were  made  with  these  parties 
accordingly. 

Operations  were  commenced  under  the  contract  of  October,  1875,  of 
Messrs.  Grant  &  Stone,  at 

OWYHEE  RAPID,   COLUMBIA  RIVER, 

early  in  December,  the  contractors  having  been  on  hand  for  two  or  three 
weeks  previously  with  their  men  and  plank  awaiting  the  necessary  fall 
in  the  river.  The  work  to  be  done  at  this  rapid  consisted  in  the  re- 
moval, to  a  depth  of  (>  feet  below  dead  low- water,  of  a  large  rock  on  the 
south  side  of  the  channel.  On  December  11  this  rock  was  carefully 
surveyed,  and  found  to  contain  67.57  cubic  yards.  The  work  of  drilling 
was  at  once  commenced,  and  was  progressing  well  when,  on  the  Kith, 
the  contractors,  who  had  met  with  many  misfortunes  under  their  con- 
tract, were  again  subjected  to  a  fearful  accident,  caused  by  the  explo- 
sion of  dynamite  while  being  thawed,  resulting  in  the  killing  of  two 
men  who  were  in  the  powder-house  and  the  entire  demolition  of  the 
building.  The  cause  of  the  accident  cannot  be  explained,  as  the  only 
men  iu  the  building  were  killed.  The  man  in  charge  of  the  powder  had 
had  considerable  experience  in  its  use,  and  had  been  employed  by  the 
contractors  on  that  account.  Operations  were  temporarily  suspended, 
but  again  renewed  the  latter  part  of  the  month,  and  the  removal  of  the 
rock  completed  early  in  January.  The  crew  and  plant  were  then  taken 
down  the  river,  aud  work  commenced  at  once  at 

SQUALLY  HOOK  RAPID. 

A  ledge  of  rock  extending  into  the  channel  at  this  place  rendered 
navigation  difficult  aud  dangerous,  steamers  descending  being  obliged 
to  drift  very  close  to  the  ledge.  After  a  careful  survey  it  was  deter- 
mined to  apply  the  remainder  ot  the  work  to  be  done  under  the  old  con- 
tract of  Grant  &  Stoue  (about  50  yards)  and  that  under  their  new  con- 
tract to  this  locality,  and  to  widen  the  chauuel  about  40  feet.  The 
work  of  drilling  and  blastiug  was  commenced  on  January  22,  1877,  and 
by  the  close  of  February  150.06  cubic  yards  had  been  removed,  the  in- 
creased width  desired  obtaiued,  and,  the  contracts  having  been  com- 
pleted, operations  were  suspeuded  for  the  season. 

The  channel  here  has  beeu  greatly  improved.  Boats  descending  are, 
however,  still  obliged  to  drift  around  the  bend  during  low-water,  but  as 
this  can  be  done  with  safety  and  but  slight  delay,  and,  as  any  further 
improvement  would  necessitate  the  removal  of  a  large  quantity  of  rock, 
the  continuance  of  wTork  here  is  not  recommended  for  the  present. 

The  work  of  improvement  at  the 

UPPER  UMATILLA  RAPID, 

which  consisted  in  widening  the  high-water  channel,  was  commenced 
under  the  contract  with  Mr.  J.  B.  Montgomery  on  the  18th  of  October, 
1876.  Kocks  knowu  as  Nos.  18  and  19  were  measured,  and  the  work  pro- 
ceeded well,  when,  on  the  21th,  the  river  suddenly  rose  and  reudered  it 
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very  difficult  to  work.  Operations  were,  however,  continued  until  the 
latter  part  of  November,  by  which  time  50  yards,  the  greater  part  of 
rock  No.  18,  had  been  removed.  The  water  being  still  very  high,  the  con- 
tractor asked  authority  to  suspend  work  until  a  later  date,  when  the 
river  would  be  lower,  in  order  to  commence  upon  Pine-Tree  Rapid,  in 
the  Snake  River.  This  request  was  granted  with  the  proviso  that  both 
contracts  should  be  completed  within  the  allotted  time.  Work  was  accord- 
ingly suspended,  and,  after  the  completion  of  operations  at  Pine-Tree 
Rapid,  was  renewed  in  the  latter  part  of  February.  It  was  presumed 
that  low-water  would  continue  until  the  last  of  March,  but  the  Snake 
River  suddenly  rose,  raising  the  Columbia  several  feet  and  increasing 
the  velocity  of  the  current  at  Umatilla  Rapid,  so  that  it  was  impossible 
to  work  the  drills;  the  contractor  made  every  effort  to  continue  opera- 
tions, but  finding  the  river  still  rising,  he  suspended  work  about  the 
middle  of  March  and  secured  his  plant  from  danger  for  the  season.  In 
consideration  of  the  circn instances,  the  time  of  completion  of  this  con- 
tract was  extended  until  February  28,  1878. 

PINE  TREE  RAPID,  SNAKE  RIVER. 


A  careful  reconnaissance  of  this  rapid,  made  by  the  engineer  in  charge 
daring  low-water  iu  the  latter  part  of  September,  1876,  showed  it  to  be 
impassable  at  that  stage  for  steamers  drawing  over  2  feet  water.  The 
channel  used  even  at  a  much  higher  stage  was  narrow,  crooked,  intri- 
cate, and  filled  with  hidden  rocks.  It  was  determined  to  open  a  straight 
one  through  the  rapid,  which  could  be  navigated  at  all  seasons  of  the 
year.  To  do  this  required  the  removal  of  numerous  rocks  aud  the 
opening  of  a  chute  through  the  ledge  at  the  head.  Navigation  on  the 
Suake  having  been  suspended  for  the  season,  the  contractor's  agent 
starred  on  November  25, 1876,  from  Wallula,  Washington  Territory,  for 
Pine-Tree  Rapid,  Snake  River,  a  distance  of  about  43  miles,  with  the 
crew  aud  plant,  the  scow  being  towed  by  mules  ou  shore.  Assistant 
Engineer  R.  M.  Tabor  started  across  the  country  about  the  last  of  No- 
vember, following  the  trail  to  the  rapid,  which  he  reached  after  two  days' 
ride,  spending  one  night  without  shelter  on  the  banks  of  the  Snake.  The 
scow  reached  Pine  Tree  on  December  2,  after  a  hard  trip,  during  which 
the  party  bad  to  contend  with  ice  aud  snow.  Shanties  were  at  once 
erected,  and  preparations  made  for  a  winter  campaign.  The  nearest 
post-office  was  at  Wallula,  about  30  miles  distant  by  laud,  and  the  near- 
est ranch  from  which  supplies  could  be  obtaiued  was  that  of  Mr.  Mar- 
ion on  the  Touched  River,  about  22  miles  distant.  With  the  assistance 
of  Capt.  E.  W.  Baughman,  a  thoroughly  efficient  and  reliable  pilot  of 
many  years' experience  ou  the  Snake  River,  the  worst  rocks  were  at  once 
located,  and  drilling  and  blastiug  commenced.  Operations  were  contin- 
ued until  February  22,  1877,  beiug  more  or  less  interrupted  by  heavy 
floating  ice,  and  on  that  day  were  suspended,  477.57  cubic  yards  of  rock 
Laving  beeu  removed,  aud  the  contract  completed. 

The  work  done  comprised  the  removal  of  20  rocks,  excavated  from  a 
length  of  850  teet  of  the  worst  portion  of  the  channel.  Seven  of  these 
rocks  being  a  portion  of  the  ledge  at  the  head  of  the  rapid,  the  channel 
through  which  is  uow  49  feet  wide  and  well  marked  by  the  current. 

The  actual  amouut  of  rock  removed  was  as  follows : 


Cubic  yards. 

Rock  No.  1 65.56 

Rock  No.  2 7.96 

Rock  No.  3 44.88 


Co  bio  yards. 

Rock  No.  4 3.54 

Rock  No.  5 1-2.89 

Rock  No.  6 30. 79 


1044 


REPORT   OF   THE   CHIEF   OF   ENGINEERS. 


Cubic  yards. 

Rock  No.  7 "23.71 

Rock  No.  8 31.41 

Rock  No.  9 41.40 

Rock  No.  10 41.79 

Rock  No.  11 17.56 

Rock  No.  12 3.86 

Rock  No.  13 0.87 

Rock  No.  14 2.39 


Cubic  jnrcU. 

Rock  No.  15 9.77 

Rock  No.  16 2^.54 

Rock  No.  17 3.64 

Rock  No.  18 4.99 

Rock  No.  19 49.51 

Rock  No.  20 52.45 


Total 477.51 


Although  much  has  been  done,  much  jet  remains  to  be  accomplished, 
as  the  channel,  although  straight,  is  still  narrow  and  dangerous;  the 
chute  at  the  upper  end  should  be  widened  to  at  least  80  feet,  and  all 
rocks  below,  for  a  width  of  at  least  100  feet,  should  be  removed  to  a 
depth  of  6  feet  below  the  level  of  the  lowest  low-water. 

The  work  accomplished,  therefore,  during  the  fiscal  year  consists  in 
the  removal  of  rocks  from  the  rapids,  as  follows: 

COLUMBIA  RIVER. 

Cubic  yards. 

From  Squally  Hook  Rapid 150.06 

From  Owyhee  Rapid 67.  57 

From  Umatilla  Rapid 50.00 


8NAKE  RIVKR. 


From  Pine-Tree  Rapid 477.51 


Total 745.14 

Mr.  It.  M.  Tabor,  assistant  engineer,  deserves  credit  for  the  energy, 
care,  and  attention  he  has  shown  in  the  progress  of  the  work. 

During  the  coming  season  it  is  proposed  to  complete  the  work  at  the 
Upper  Umatilla  Rapid,  under  the  contract  of  J.  B.  Montgomery,  by  re- 
moving 150  cubic  yards  of  rock.  The  work  will  be  confiued  to  rocks 
19,  20,  25, 26,  and  27,  on  the  north  side  of  the  upper  end  of  the  channel. 
Buoys  will  be  permanently  attached  to  the  rocks  on  each  side  at  the 
head  of  the  channel.  It  is  hardly  necessary  for  me  to  again  call  atten- 
tion to  the  necessity  of  continuing  tbis  work,  as  so  much  has  already 
been  said.  The  couutry  east  of  the  cascades  is  rapidly  becoming  a  mag- 
nificent wheat-garden,  and  the  export  of  grain  during  the  coming  season 
will  be  euormous.  If  tanners  could  only  be  certain  of  getting  their  grain 
to  market  in  the  fall,  the  vicinity  of  the  Snake  River  would  soon  be 
iully  settled,  and  extensive  wheat  fields,  yielding  from  30  to  40  bushels 
to  the  acre,  would  cover  the  whole  country.  The  population  of  this  sec- 
tion has  been  greatly  increased  during  the  past  year,  but  the  fear  of  uot 
being  able  to  send  their  crops  to  market  at  once,  on  account  of  the  im- 
possibility of  navigating  the  Snake  River  Rapids  during  low-water,  has 
deterred  many  settlers  from  locating  there. 

The  followiug  information,  required  by  the  act  of  Congress  approved 
June  23,  I860,  is  respectfully  submitted: 

The  appropriations  for  this  work  have  been  as  follows: 

Act  of  Jane  10, 1872 $50,000  00 

Act  of  Juue23,1874 20,000  00 

Act  of  March  3, 1875 35,000  00 

Act  of  August  14, 1876 15,000  00 

Total 120,000  00 

Of  this  amount  $114,249.91  has  been  expended  to  date— $101,694.62 
on  the  Columbia  River,  at  John  Day's,  Squally  Hook,  Owjhee,  Devil's 
Bend,  Umatilla,  and  Homly  Rapids  ;  and  $12,555.29  on  the  Snake  River, 
at  Pine-Tree  Rapids.    The  project  now  submitted  calls  for  the  removal 
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of  1,500  cubic  yards  of  rock  from  the  Columbia  River  above  Celilo,  and 
2,900  cubic  yards  from  the  Snake  River,  between  its  mouth  aud  Lewis- 
ton,  the  estimated  cost  of  the  whole  of  which  is  $132,000.  Of  this 
amount  $66,000  can  be  profitably  expended  duriug  the  next  fiscal  year. 

These  rivers  are  in  the  collection -district  of  the  Willamette ;  Portland,  Oreg.,  is 
tbe  nearest  port  of  eutry  ;  the  nearest  light-houses  and  forts  are  at  the  month  of  the 
Columbia  River,  but  troops  garrison  the  posts  of  Walla-Walla,  about  32  miles  from 
Wallula,  and  Lapwai,  12  miles  from  Lewiston. 

I  am  informed  that  the  number  of  passengers  and  the  amount  of 
freight  carried  by  the  Oregon  Steam  Navigation  Company  over  their 
portage  road  at  the  Cascades  during  the  first  eleven  months  of  the  pres- 
ent fiscal  year,  was  greatly  in  excess  of  the  amount  transported  by  them 
during  the  same  period  in  tbe  last  fiscal  year,  the  excess  arising  to  a 
great  extent  from  the  increased  emigration  to  the  vicinity  of  the  Snake 
River,  aud  the  rapid  development  of  the  country  east  of  the  Cascade 
Mountains. 

The  amount  of  revenue  collected  at  Portland,  Or?g.;  during  the  eleven  months 
endiug  June  1,  1877,  was  $125,317 ;  the  value  of  the  imports  was  $3:48,476,  and  that  of 
tbe  exports  was  $2,509,159. 

The  number  of  vessels  entering  was  177,  with  an  aggregate  tonnage  of  152.961  tons ; 
the  number  of  vessels  clearing  was  153,  with  an  aggregate  tonnage  of  144,296  tons.  It 
is  impossible  to  give  an  estimate  of  the  amount  of  commerce  that  will  be  benefited  by 
the  completion  of  this  work,  as  it  will  increase  as  the  country  is  developed.  The  navi- 
gation improved  will  cover  the  whole  of  the  Columbia  and  Snake  Rivers,  from -Cehlo 
to  Lewiston,  a  distance  of  266  miles. 

Abstracts  of  proposals  received  and  contracts  made  during  the  year, 
a  statement  of  funds,  and  a  chart  of  Pine-Tree  Rapid,  Snake  Ifciver,  show- 
ing rocks  excavated  duriug  the  year,  are  transmitted  herewith. 

Money  statement. 

July  1, 1876,  amount  available $16,007  10 

Amount  appropriated  by  act  approved  August  14, 1876 15, 000  00 

31,007  10 

July  1, 1877,  amount  expended  during  fiscal  year 25, 257  01 

July  1,  1877,  outstanding  liabilities 155  00 

25, 4 12  01 

July  1, 1877,  amount  available 5,595  09 

Amount  (estimated)  required  for  completion  of  existing  project 132, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.      66, 000  00 


Abstract  of  proposals  for  ercavating  rock  from  the  Upper  Columbia  River,  Oregon,  and  Wash- 
ington Territory,  opened  by  Major  John  M.  Wilson,  Corps  of  Engineers,  August  30, 1876. 


• 

Names  and  residences  of  bidders. 

Excavating   900   cubic 
yards  rock. 

Remarks. 

a 

Price  per 
cubic  yard. 

Total. 

i 

J.  B.  Montgomery,  Portland,  Oreg 

$31  00 
31  GO 

$6,200  00 
6,300  00 

Contract  awarded. 

9 

Grant  6c  Stone,  "the  Dalles,  Oreg 
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Abstract  of  proposals  for  excavating  rock  from  the  Upper  Columbia  and  Snake  Rivers,  opened 
by  Major  John  M.  Wilson ,  Corps  of  Engineers,  November  10,  1876. 


• 

u 

a 

Names  and  residences  of  bidders. 

~f  «  o  » 
■25  •**  •*■"  3 

*&* 

•SoggS, 

wu2I| 

til's" 

»23  00 
87  SO 

Pine-Tree  Rapid, 
Snake    River,    300 
cubic  yards,  more  or 
less,  per  cubic  yard. 

Remarks. 

i 

Grant  &  Stone,  The  Dalles,  Oreg i.. 

$28  00 
24  75 
28  50 

Contract  for  Squally  Hook 

awarded. 
Contract    for    Pine    Tree 

No  hid  for  Squally  Jlook 
received. 

2 
3 

Thomas  J.  Stump,  Wall u la,  Wash.  Ter 

• 

Proposals  for  this  work  were  invited  by  letter,  without  advertising,  owing  to  the 
lateness  of  the  season,  as  per.  letter  of  authority  from  the  Chief  of  Engineers,  dated 
September  15,  1876. 

Abstract  of  contracts  for  the  improvement  of  the  Upper  Columbia  and  Snake  Rivers,  in  force 

during  the  fiscal  year  ending  June  30,  1877. 


u 


1 
2 
3 


Names  and  residences  of  con- 
tractors. 


J.   B.   Montgomery,  Portland, 

Oreg. 
J.   B.   Montgomery,  Portland, 

Oreg. 
Grant   &   Stone,  The  Dalles, 

Oreg. 


Date  of  con- 
tract 


Sept  2,1876 
Nov.  11, 1876 
Nov.  20, 1876 


Subject  of  con- 
tract 


Excavating  rock. 

do 

do 


of  2  fe 

a3 

i>° 

5.2  c  o 

Poos 


$31  00 


*.2 


as* 


« 

"3 


S* 

ail  • 
C  :  b  o 
c  *-  =  S. 


$24  75 


$23  00 


J  J  4. 


CONSTRUCTION  OF  A  CANAL  AROUND  THE  CASCADES  OF  THE  COLUMBIA 

RIVER.  OREGON. 

By  the  act  of  Congress  approved  August  14,  1876,  an  appropriation 
of  $90,000  was  made  for  the  construction  of  a  canal  around  the  Cascades 
of  the  Columbia  Kiver,  in  the  State  of  Oregon,  and  by  telegram  of  Oc- 
tober 24,  1876, 1  was  instructed  to  u  proceed  at  once  with  survey,  plau, 
location,  and  project  of  construction." 

A  preliminary  reconnaissance  was  made  iu  November,  and  early  in 
December  a  party  was  placed  in  the  field,  in  charge  of  Assistaut  Engineer 
C.  M.  Bolton,  with  instructions  to  make  a  careful  and  elaborate  survey 
of  the  country  on  the  Oregou  side  of  the  rapids — upon  which  side  the  law 
required  the  canal  to  be  constructed — an  accurate  and  rapid  reconnaissance 
of  the  Washington  Territory  side,  a  hydrographic  survey  of  the  river 
above  and  below  the  rapids,  with  current-observatious,  &c,  wherever 
the  work  could  be  done  without  danger  to  life,  and  a  close  examination 
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of  the  underlying  material  upon  the  line  which  should  be  finally  selected 
for  the  canal. 

These  instructions  were  carried  out  with  great  energy  and  skill  by 
Mr.  Bolton,  who,  in  spite  of  the  inclement  season,  kept  his  party  at  work 
steadily,  and  by  the  early  part  of  January  the  field-work  was  completed, 
the  party  disbanded,  and  the  work  of  preparing  charts,  plans,  and  es- 
timates at  once  commenced. 

On  February  5, 1877, 1  submitted  a  preliminary  report,  which  was  laid 
before  Congress  on  February  2(5 ;  and  on  April  12  I  forwarded  a  full 
report,  with  estimates,  and  a  chart  showiug  the  proposed  location  of  the 
caual. 

PROPOSED  ROUTE  OF  CANAL. 

As  the  law  plainly  states  that  the  canal  shall  be  in  the  State  of  Oregon, 
the  line  was  at  once  settled  within  certain  limits  by  its  terms,  as  the 
principal  conditions  would  require  that  it  should  be  upon  the  shortest 
available  route,  have  the  least  number  of  locks  possible,  and  be  fed  en- 
tirely from  the  Columbia  River. 

The  route  selected,  as  stated  iu  my  report  of  April  12,  commences  on 
the  Oregon  side,  just  above  the  main  rapid,  ruus  through  a  plateau  cov- 
ered with  heavy  bowlders,  mingled  with  sand  and  gravel,  resting  upon 
bed-rock,  and  closely  hugging  the  Oregon  shore,  is  coutiuued  after  the 
fall  is  made  in  the  river  proper  by  a  crib-work  breakwater  about  5,000 
feet  long. 

DIMENSIONS  OF  PROPOSED  CANAL. 

The  dimensions  of  the  proposed  canal  will  be  as  follows: 

Feet 

Total  length,  including  crib-work  breakwater 7, 200 

Width  in  cutting  at  surface  at  low-water.. M 

Width  iu  cuttiug  at  bottom  at  low- water. i 50 

Depth  at  low- water 8 

The  fall  at  low- water,  26  feet,  will  be  overcome  by  two  locks;  these 
locks  will  be  250  feet  loug,  46  feet  wide,  with  a  depth  of  8  feet  on  the 
miter  sill  at  dead  low- water;  the  lifts  will  be  12  and  14  feet;  there  will 
be  a  guard-gate  at  the  upper  end  of  the  caual,  to  be  closed  when  repairs 
are  necessary  or  large  quantities  of  drift  running,  or  for  a  few  days  in 
case  extreme  high-water  equal  to  that  of  1876  should  again  occur. 

Estimates  have  been  presented  for  a  caual  navigable  at  all  stages 
when  the  river  Ms  not  closed  by  ice,  and  for  one  navigable  wheu  the 
river  is  not  higher  than  23  feet  above  low-water;  in  the  last  nineteen 
years  there  have  been  ouly  two  summers — those  of  1868  and  1869 — when 
the  freshet  was  not  higher  than  25  feet  above  ordinary  low-water. 

The  estimated  cost  of  the  high- water  caual,  as  previously  submitted, 
is  $1,544,545;  that  of  the  canal  navigable  only  when  the  water  is  not 
higher  than  25  feet  above  ordinary  low- water  is  $1,188,680. 

SURVEY  FOE  CANAL  ON  WASHINGTON  TERRITORY  SIDE. 

By  telegraphic  instructions  from  the  Chief  of  Engineers,  dated  May 
18,  1877,  confirmed  by  letter,  I  was  informed  that  while  the  act  of  Con- 
gress approved  August  14,  1876,  upou  which  my  project  of  April  12, 
J 877,  was  based,  confined  the  canal  to  the  Oregon  side,  still  the  act  of 
Juue  23, 1874,  required  an  examination  of  both  sides  of  the  river,  and  that 
"  before  nudertakiug  an  improvement  of  such  magnitude  a  thorough 
examination  of  the  locality  should  be  made,  so  as  to  be  possessed  of  all 
data  bearing  upon  its  most  advantageous  location.*' 
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An  allotment  of  81,200  was  made  for  a  survey  on  the  Washington 
Territory  side,  and  I  was  instructed  to  present  a  project  in  detail,  with 
estimates,  for  a  canal  on  that  side  at  the  earliest  practical  moment. 

The  telegram  reached  me  on  Saturday,  May  19,  and  on  Monday,  May 
21,  a  careful  preliminary  reconnaissance  on  the  Washington  Territory 
side  was  commeuced. 

As  the  Columbia  River  was  rising  rapidly,  being  23  feet  above  low- 
water  at  the  Lower  Cascades,  the  object  of  this  reconnaissance  was  to 
determine  the  most  available  route  to  be  surveyed  for  a  canal  as  soon 
as  the  freshet  should  subside. 

The  creek  emptying  into  the  Columbia  River  near  the  upper  steam- 
boat-landing, just  above  the  falls,  which  was  the  only  apparent  available 
route  in  this  vicinity,  was  found  to  have  but  little  rise  for  the  first  half 
mile,  but  then  divided  into  three  smaller  streams,  which  rose  to  lakes 
about  a  mile  farther,  at  heights  from  225  to  301)  feet,  the  ridge  which  it 
would  be  necessary  to  cross  being  about  the  same  height;  a  canal  by 
this  route  was,  therefore,  deemed  impracticable,  except  at  a  great  ex- 
pense, necessitating  a  high  summit-level  to  be  fed  from  the  lakes. 

The  high  water  prevented  an  examination  of  the  lower  portion  of  the 
slope  bordering  immediately  upon  the  river;  but  the  tendency  to  slide 
of  the  material  of  which  it  is  composed  would  render  it  a  dangerous  ex- 
periment to  cut  a  canal  near  the  base. 

From  this  reconnaissance  it  was  thought  that  the  best  plan  for  a  canal 
on  the  Washington  Territory  side  would  be  to  build  a  dam  at  the  narrow 
part  of  the  river,  about  0,000  feet  below  the  bead  of  the  main  rapid,  and 
to  cut  a  canal  about  800  feet  long  through  the  land  extending  out  into 
the  river  on  the  Washington  side  near  this  locality. 

As  a  plan  and  estimate  for  such  a  work  would  necessitate  a  careful 
and  elaborate  survey  of  the  river  with  soundiugs  on  the  proposed  line 
of  the  dam,  no  work  could  be  done  on  account  of  the  freshet  and  the 
consequent  iucreased  velocity  of  the  current. 

On  June  9  telegraphic  instructions  were  received  from  the  Chief  of 
Engineers,  directing  the  suspension  of  the  survey  on  the  Washington 
Territory  side  for  the  present. 

During  the  season  of  1877-1878  it  is  proposed  to  continue  the  prepara- 
tion of  detailed  plans  of  locks,  gates,  crib-work,  &c,  and  to  take  such 
action  in  reference  to  commencing  construction  as  may  be  ordered  by 
the  Chief  of  Engineers. 

In  the  survey  and  the  preparation  of  the  plans  and  estimates  for  this 
work,  I  have  been  greatly  indebted  for  earnest,  able,  and  energetic  as- 
sistance to  Assistant  Engineer  C.  M.  Bolton,  who  has  displayed  zeal  and 
ability  in  the  discharge  of  the  duties  assigned  to  him. 

The  following  statistics  required  by  the  act  of  Congress  approved  June 
23,  18G6,  are  respectfully  submitted : 

Up  to  this  time  $00,000  has  been  appropriated  for  this  work,  being 
the  amount  named  in  the  act  of  August  14,  187G;  of  this  sum  $4,610.05 
has  been  expended  to  date  in  surveys  and  preparation  of  charts,  plans, 
estimates,  &c. 

The  estimated  cost  of  the  project  submitted  is  $1,544,545;  of  this  amount 
$500,000  can  be  profitably  expended  during  the  next  fiscal  year. 

The  Cascades  of  the  Columbia  River  are  situated  in  the  collection-dis- 
trict of  the  Willamette.  The  nearest  port  of  entry  is  at  Portland,  Oreg., 
05  miles  distant;  the  nearest  light-houses  and  fortifications  are  at  the 
mouth  of  the  Columbia  River,  about  160  miles  distant. 

I  am  informed  that  the  number  of  passengers  and  the  amount  of  freight 
passed  over  the  portage  railroad  at  the  Cascades  by  the  Oregon  Steam 
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Navigation  Company  daring  the  first  eleven  months  of  this  fiscal  year 
are  largely  in  excess  of  the  number  aud  amount  transported  during  the 
sa me  period  in  the  last  fiscal  year. 

The  amount  of  revenue  collected  at  the  port  of  Portland,  Oreg.,  from 
July  1,  1876,  to  June  1,  1877,  was  $125,317;  the  value  of  the  imports 
was  $388,470,  and  of  the  exports  $2,509,159;  177  vessels,  with  an  aggre- 
gate tonnage  of  152,961  tons,  entered,  and  153,  with  an  aggregate  ton- 
nage of  144,290  tons,  cleared.  At  the  port  of  Astoria,  Oreg.,  during  the 
same  period  as  above,  the  revenue  collected  was  $26,378,  the  value  of 
the  imports  $24,315,  and  of  the  exports  $1,488,929;  the  number  of  ves- 
sels entering  was  180,  with  an  aggregate  tonnage  of  200,186  tons;  the 
number  of  vessels  clearing  was  194,  with  an  aggregate  tonnage  of  212,564 
tons. 

By  the  construction  of  the  Cascade  canal,  direct  navigation  of  the 
Columbia  will  be  opened  to  the  Dalles,  a  distance  of  50  miles  beyond 
the  Cascades;  the  amount  of  commerce  to  be  benefited  cannot  be  given 
in  figures,  but  its  great  increase  is  anticipated  from  the  fact  that  the 
very  extensive  wheat-growiug  regiou  east  of  the  Cascades  is  being  rap- 
idly settled. 

Charts  showing  the  line  of  the  proposed  canal  and  the  river  in  the 
vicinity,  aud  also  a  statement  of  funds,  are  transmitted  herewith. 

Money  statement. 

Amonnt  appropnatert  by  act  approved  August  14, 187o $90,  COO  00 

July  1,  1877,  amount  expeudcd  during  fiscal  year 4,616  65 

July  1,  1877,  amount  available £5,  383  35 

Amonnt  (estimated)  required  for  completion  of  existing  project 1,459, 136  40 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1879.      500  000  00 
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EXAMINATIONS  WITH  A  VIEW  TO  ESTABLISHING  A  HARBOR  OF  REFUGE 

on  the  pacific  coast, 
report  of  the  board  of  engineers  for  the  pacific  coast. 

Office  Board  of  Engineers  for  the  Pacific  Coast, 

San  Francisco,  Cal,  February  14,  1877. 

General:  In  compliance  with  the  instructions  of  the  Department  of 
May  9,  1876,  enclosing  a  resolution  lof  the  House  of  Representatives  of 
April  29, 1876, "  asking  for  an  examination  of  the  harbors  of  Mendocino, 
Humboldt  Bay,  Trinidad,  and  Crescent  City,  in  the  State  of  California, 
with  a  view  of  establishing  a  breakwater  and  harbor  of  refuge,  with 
estimate  of  probable  cost,"  the  Board  of  Engineers  for  the  Pacific  coast 
has  the  houor  to  submit  the  following 

REPORT. 

The  Board  sailed  from  this  city  on  the  9th  of  August  last  in  the  Coast 
Survey  steamer  Hassler,  and  carefully  examined  all  the  so  called  har- 
bors where  it  has  been  thought  a  harbor  of  refuge  might  be  constructed, 
between  here  and  the  mouth  of  the  Columbia  Kiver,  viz:  Drake's  Bay, 


1050  EEPOET   OP   THE   CHIEF   OP   ENGINEERS. 

Mendocino  City,  Shelter  Cove,  Humboldt  Bay,  Trinidad  Harbor,  Cres- 
cent City,  Mack's  Arch,  Port  Orford,  and  Cape  Gregory. 

The  Board  extended  its  examinations  to  all  these  places  because  it 
was  by  no  means  clear  beforehand  that  either  of  the  four  places  men- 
tioned in  the  resolution  of  the  House  of  Bepreseutatives  furnished  the 
best  locatkm  for  a  breakwater  and  harbor  of  refuge.  It  is  well,  also,  in 
such  an  examination,  to  have  the  data  necessary  to  compare  the  advan- 
tages and  cost  of  all  the  possible  locations  for  snch  a  harbor  of  refuge 
on  the  entire  noithern  coast  of  California  and  Oregon. 

The  distance  from  San  Francisco  to  Nee-ah  Bay,  at  the  entrance  of 
the  straits  of  Fuca,  is  about  700  nautical  miles.  While  there  are  many 
open  anchorages  scattered  along  the  coast,  between  these  two  places, 
which  afford  reasonably  good  protection  for  vessels  against  the  prevail- 
ing northwest  winds  and  seas  of  summer,  there  are  none,  for  this  entire 
distance,  that  a  vessel  can  enter  in  heavy  southerly  weather,  when  the 
wiud  is  south,  southeast,  or  southwest,  as  it  frequently  is  in  the  winter 
season. 

It  is  true  that  vessels  can  geuerally  cross  the  bar  of  the  Columbia 
Biver  and  seek  shelter  at  secure  anchorages  in  the  river,  but  this  is  not 
always  the  case.  - 

In  heavy  southerly  weather,  when  a  harbor  of  refuge  is  most  wanted, 
vessels  dare  uot  approach  the  bar  of  this  river.  It  cannot,  therefore,  be 
considered  a  secure  harbor  of  refuge. 

A  good  harbor  of  refuge  ought,  of  course,  to  provide  secure  anchorage 
for  vessels  against  all  winds,  from  whatever  directiou  ;  but  what  is  more 
particularly  needed  on  this  coast  is  protection  against  heavy  southerly 
storms. 

One  of  the  first  questions  which  arises  in  the  consideration  of  this 
subject  is  whether,  iu  case  protection  for  vessels  is  to  be  sought  by  arti- 
ficial constructions,  we  should  build  one  large  breakwater  inclosing  a 
capacious  harbor,  or  several  smaller  ones,  distributed  along  the  coast, 
each  affording  protection  for  a  few  vessels  only. 

Our  examinations  and  studies  of  this  question  have  satisfied  us  that, 
if  any  breakwater  is  to  be  built  on  the  coast  now  under  consideration, 
it  should  be  large  enough  to  afford  all  the  protection  that  is  needed  for 
a  harbor  at  that  place  for  the  present  time  and  for  many  years  to  come. 

We  are  led  to  this  conclusion  principally  because  any  construction,  at 
any  place  on  the  coast  affording  secure  anchorage  for  even  a  few  ves- 
sels, will  necessarily  be  very  expensive,  and  before  undertaking  any 
second  work  we  should  profit  by  the  experience  to  be  acquired  by  the 
first. 

We  enclose  herewith  Coast  Survey  charts  of  Drake's  Bay,  Bodega 
Bay,  Mendocino  Bay,  Trinidad  Harbor,  Crescent  City,  Mack's  Arch, 
Port  Orfordj  and  Cape  Gregory,  on  which  we  have  marked  in  red  lines 
the  proper  position,  in  our  judgment,  of  a  breakwater  for  each  bay  or 
harbor. 

We  did  not  extend  our  examinations  north  of  the  Columbia  Biver, 
because  a  harbor  of  refuge  is  first  wanted  south  of  that  river. 

We  also  inclose  a  section  of  a  breakwater,  such  as  we  would  propose, 
which  is  common  to  all  the  above-named  places,  varying  only  with  the 
depth  of  water. 

Stone  is  to  be  found  in  great  abundance,  and  very  convenient,  at  all 
of  these  places,  except  at  Cape  Gregory,  where  it  would  have  to  be  ob- 
tained some  miles  to  the  southward. 

The  rock  on  the  coast  is  metamorphic  sandstone,  and  would  generally 
be  broken  into  small  pieces  in  quarrying.    Nevertheless,  judging  from 
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the  solid  masses  of  stone  which  erosion  has  left  along  the  sea  shores  of 
this  coast,  we  think,  iu  quarrying  so  large  a  mass  as  would  be  required 
for  the  construction  of  a  breakwater,  that  many  large  stones  of  a  com- 
pact nature  could  be  obtained  at  almost  auy  quarry  that  might  be 
opened. 

We  propose  to  build  the  base  of  any  breakwater,  up  to  the  height  of 
15  feet  below  the  level  of  low-water,  of  small  stoue,  that  is  to  say,  of 
such  stone  as  any  quarry  will  furnish;  and,  while  quarrying  out  this 
great  mass,  to  lay  away  all  large  stones  of  5,  10,  or  20  tons  for  the  con- 
struction of  that  portion  of  the  breakwater  from  15  feet  up  to  low-water. 

Upon  this  foundation  we  propose  to  build  a  masonry  vail,  faced  with 
granite,  25  feet  wide  and  ^0  feet  high  including  the  foundation,  protect- 
ing the  seaward  side  by  blocks  of  artificial  stone  (if  natural  stone  can- 
not be  obtained)  of  large  size,  (20  to  30  tons  each,)  and  thoroughly  pav- 
ing the  harbor  side  with  large  blocks  of  granite,  to  receive,  without  dis- 
placement, the  water  that  will  be  thrown  over  the  wall  iu  great  storms. 

There  is  also  enclosed  a  paper  in  which  approximate  estimates  of  costs 
of  breakwaters  at  the  several  harbors  above  meutioued,  on  the  Hues  as 
stated,  are  giveu. 

The  Board  proceeds  to  make  some  remarks  about  these  harbors. 

DRAKE'S  BAY. 

This  bay  affords  fine  shelter  against  west  and  northwest  winds,  being 
sheltered  by  the  high  headland  of  Point  Keyes,  but  it  is  exposed  to 
south  and  southwest  storms. 

Here  it  may  be  remarked  that  throughout  the  sea-coast  of  California 
and  Oregon,  when  the  wind  is  stroug  from  the  south,  southeast,  or  south- 
west, the  waves  always  approach  the  shore  from  the  southwest;  and  it 
is  natural  that  this  should  be  the  case;  for  if  we  suppose  waves  to  be 
generated  by  a  southerly  wind,  having  their  crests  ou  an  east  or  west 
liue,  or  even  in  a  direction  at  right  angles  to  the  trend  of  the  shore,  the 
western  ends  of  these  waves  will  be  in  deeper  water  than  the  eastern 
ends,  aud,  according  to  the  laws  of  wave-motion,  their  western  ends 
would  travel  faster,  and  thus  the  crests  of  such  waves  would  gradually 
be  brought  to  a  northwest  and  southeast  direction,  the  translation  of 
such  wave-motion  being:  from  southwest  toward  northeast. 

Any  breakwater,  therefore,  at  any  of  the  harbors  now  under  con- 
sideration must  be  so  located  as  to  afford  protection  from  the  sea  in 
that  direction. 

There  is  some  granite  at  Point  Eeyes,  but,  as  far  as  examined,  it  is 
overlaid  with  great  masses  of  metamorpliic  saudstoue.  Stone  for  the 
substructure  of  a  breakwater  is  in  great  abundance  aud  very  convenient. 

We  have  no  idea  that  a  breakwater  will  be  commenced  here  at  the 
present  time.  Iu  the  distant  future,  when  the  commerce  of  this  coast 
shall  be  greatly  developed,  it  may  be  thought  necessary  to  have  a  shel- 
tered anchorage  agaiust  heavy  gales  from  the  south w aril,  near  to  the 
entrance  of  San  Francisco  Bay,  where  vessels  bound  to  this  city  could 
seek  protection  at  such  times  as  it  was  not  safe  to  cross  the  bar. 

BODEGA  BAY. 

A  breakwater  here,  as  indicated  on  the  chart,  would  protect  a  fine 
capacious  anchorage,  but  being  some  20  miles  farther  from  San  Fran- 
cisco, and  more  frequently  visited  by  fogs  than  Drake's  Bay,  we  are  of 
opinion  that,  if  a  harbor  of  refuge  is  ever  wanted  in  this  viciuity,  Drake's 
Bay  should  receive  the  preference. 
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MENDOCINO  BAY. 

This  is  the  first  place  mentioned  in  t,he  resolution  of  the  House  of  Rep- 
resentatives upon  which  we  are  now  reporting.  It  is  ouly  a  contracted 
indentation  of  the  coast,  1  mile  wide  and  less  than  half  a  mile  in 
depth,  eutirely  exposed  even  to  the  prevailing  northwest  winds  of  sum- 
mer. Nevertheless,  a  sheltered  harbor  of  refuge,  but  of  very  limited 
capacity,  could  be  made  here  by  building  a  breakwater  on  the  lines  indi- 
cated on  the  chart. 

Stone  for  the  foundation  of  such  breakwater  can  be  had  in  abundance 
on  the  adjacent  shores. 

HUMBOLDT  BAY. 

This  is  the  second  place  mentioned  in  the  resolution  of  the  House  of 
Representatives. 

This  bay  affords  fine  shelter  after  vessels  have  once  got  into  it,  but 
it  is  a  bar-harbor  the  bar  beiug  composed  of  shifting  sands,  with  heavy 
breakers  even  in  moderate  summer  weather. 

To  give  an  idea  of  the  great  height  of  the  waves  rolling  over  this  bar, 
we  will  state  that  when  the  Board  of  Engineers  for  the  Pacific  Coagt  ar- 
rived off  the  bar,  in  the  Coast-Survey  steamer  Hassler,  the  weather  was 
very  moderate,  with  only  the  usual  summer  wind  from  the  northwest, 
yet,  although  there  was  20  feet  of  water  on  the  bar  at  the  time,  the  pilot 
refused  to  take  in  the  Hassler,  drawing  ouly  12  feet  of  water  at  the  time, 
stating  that  he  could  not  do  so  without  running  the  risk  of  the  vessel 
striking  the  bottom  and  her  possible  loss  in  the  breakers. 

The  shores  on  both  sides  of  the  eutrauce  are  low  and  sandy,  and  there 
is  no  stone  in  the  immediate  viciuity. 

The  only  way,  as  it  appears  to  the  Board,  in  which  a  safe  eutrance 
could  be  obtained  into  this  harbor  would  be  by  the  construction  of  two 
pa  ml  lei  jetties  of  very  heavy  stone,  about  500  yards  apart,  from  the 
north  and  south  spits  at  the  entrance. 

If  guch  jetties  were  built,  the  very  large  area  of  the  inner  bay  would 
probably  afford  sufficient  tidal  prism  to  keep  open  a  deep  chanuel  over 
the  bar,  against  all  drift  from  the  action  of  sea-waves.  But  such  con- 
struction would  be  attended  with  immeuse  difficulties  and  enormous  ex- 
pense. It  is  a  question  even  with  the  members  of  this  Board  whether 
such  construction  would  be  physically  possible,  and  one,  too,  upon  which 
we  dare  not  express  an  opiuion  without  a  searching  examination  of  all 
the  contingencies  upon  which  the  stability  or  instability  of  such  works 
would  hinge.  We  have  not,  therefore,  made  auy  plan  or  estimate  of  cost 
for  a  breakwater  at  this  place,  deeming  it,  if  not  impossible  of  execution, 
highly  improbable  that  a  breakwater  or  jetties  will  be  attempted  here  at 
the  present  time. 

TRINIDAD  HARBOR. 

This  harbor  is  in  latitude  41°  03',  about  240  nautical  miles  north-north- 
west of  San  Francisco.  It  is  about  20  miles  south  of  the  middle  point 
of  the  coast  between  the  entrance  into  San  Francisco  Harbor  and  the 
mouth  of  the  Columbia  River.  Geographically  it  is,  therefore,  well 
situated  for  a  harbor  of  refuge  between  these  two  places. 

Triuidad  Head,  a  bold,  picturesque  headland,  protects  a  limited  anchor- 
age from  northwest  winds,  but  the  harbor  is  entirely  exposed  to  south- 
erly storms.  This  headland  rises  to  the  height  of  380  feet  above  low- 
water.    It  is  of  metamorphic  sandstone,  covered,  above  the  height  of 
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80  to  100  feet  above  the  water,  with  a  few  feet  of  earth  which  supports  a 
thick  growth  of  scrub  bushes. 

The  rock  here  appears  to  be  of  better  quality  than  is  generally  found 
along  the  coast.    The  fact  that  it  is  such  a  bold,  projecting  headland, 
with  deep  water  around  its  southern  face,  shows  that  it  has  been  able 
to  resist  the  denudation  of  the  sea,  and  would  seem  to  bear  out  this  con-, 
elusion. 

The  chart  shows  the  lines  we  have  selected  for  the  breakwater.  If 
built  as  we  have  indicated,  they  would  protect  an  available  anchorage 
of  nearly  one  square  mile,  with  good  holding  ground. 

If  a  harbor  of  refuge  is  made  here,  the  light  house  now  on  Trinidad 
Dead  should  be  removed  to  Pilot  Eock. 

There  would  be  several  rocks  in  the  uorthern  part  of  a  harbor  here, 
but  they  rise  high  above  water. 

There  are  no  sunken  dangersin  approaching  Trinidad,  for  the  only  rocks 
to  be  found  lie  close  inshore,  just  off  the  high  headland,  and  their  posi- 
tion is  well  marked  by  two  high  rocks,  one  of  which  rises  to  the  height  of 
80  feet,  the  other  to  the  height  of  100  feet,  above  the  water. 

The  Board  was  favorably  impressed  with  the  advantages  of  Trinidad 
for  a  harbor  of  refuge;  and  as  it  is  called  upon  to  "  designate  the  point 
which  should,  in  its  judgment,  be  selected  for  such  harbor  betweeu  San 
Francisco  and  Puget's  Sound,"  the  Board,  with  the  information  now  be- 
fore it,  gives  the  preference  to  Trinidad  Harbor. 

CRESCENT  CITY. 

This  harbor  is  not  favorably  situated  for  a  breakwater,  because— 

1.  It  is  contracted. 

2.  On  account  of  the  many  dangers,  sunken  and  otherwise,  both  in 
approaching  the  coast  and  inside  the  anchorage. 

3.  Because  of  the  heavy  breakers,  in  southeast  and  southwest  winds, 
clear  across  the  entrance  to  the  harbor  from  Steamboat  Rock  to  Bound 
Rock,  from  Round  Rock  to  Mussel  Rock,  and  from  Mussel  Rock  to  the 
shore. 

The  entire  harbor  is  feather-white  with  breakers  in  a  gale  of  wind 
from  the  southward. 

Orescent  City  Harbor  is  usually  regarded  as  the  most  dangerous  road- 
stead on  this  coast.  It  has  acquired  importance  on  account  of  the  town 
of  Crescent  City  being  conveniently  located  as  the  depot  of  supplies  for 
Jacksonville,  in  Oregon,  and  the  interior  towns  and  mining-camps.  It 
also  has  considerable  trade  in  lumber. 

A  vessel  off  this  coast,  and  wishing  to  make  a  harbor  of  refuge,  would 
never  venture  iuto  Crescent  City  Harbor  uuless  the  master  knew  his 
position  accurately,  and  was  well  acquainted  with  the  coast  and  all  the 
sunken  dangers;  and  should  he  arrive  off  the  harbor,  he  could  not  enter 
it  with  safety  in  heavy  southerly  weather  on  account  of  the  breakers  at 
the  entrance. 

Nevertheless,  in  order  to  have  definite  ideas  as  to  the  location  and 
cost  of  a  breakwater  here,  we  have  included  it  among  the  roadsteads 
for  which  we  have  given  plans  and  estimates  for  breakwaters. 

mack's  arch. 

The  recent  coast  surveys  on  this  coast  have  developed  this  roadstead. 
It  is  in  Oregon,  a  few  miles  north  ot  latitude  42°,  which  is  the  north- 
ern boundary  of  California.    The  anchorage  is  somewhat  protected  from 
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westerly  and  southwesterly  seas  by  a  ledge  of  high  detached  rocks  ex- 
tending from  the  shore  toward  the  big  arched  rock,  which  gives  name 
to  the  location. 

A  breakwater  here  would  consist  in  connecting  these  separate  rocks, 
or  little  islets,  by  a  construction  such  as  we  have  proposed,  Ieaviug  an 
entrance  on  both  sides  of  Mack's  Arch.  Several  of  these  detached  rocks 
are  so  high  that  their  tops  might  be  quarried  off  and  the  stone  made  to 
fall  into  position  for  the  foundation  of  the  breakwater. 

Stone  is  abundant  on  the  adjacent  shores.  It  is  of  the  usual  meta- 
m orpbic  saudstone. 

The  harbor  here  would  be  small,  but  large  enough  for  all  present 
wants  and  those  of  the  near  future.  It  would  be  tolerably  secure,  and 
the  holding-ground  is  good. 

There  are  no  settlements  in  the  immediate  vicinity. 

PORT  ORFOED. 

This  place  is  the  best  summer  roadstead  on  the  entire  coast  between 
Point  Reyes  and  the  Straits  of  Fuca.  When  vessels  anchor  close  in  to 
the  northern  shore  they  are  protected,  by  a  high  point  of  land  and  some 
ontlyiug  islets  to  the  south  of  it,  from  the  summer  waves  coming  from 
the  west  or  northwest.  The  harbor,  however,  is  entirely  exposed  to  the 
southerly  gales  of  winter,  when  the  great  rollers  approach  the  shore 
from  a  southwest  directiou. 

Tbis  port  is  well  located  for  a  harbor  of  refuge. 

Stone  for  the  foundation  of  a  breakwater  is  abundant  iu  the  imme- 
diate vicinity. 

The  holding-ground  is  good,  and,  doubtless,  it  would  be  possible  to 
make  a  good  harbor  of  refuge  here  by  the  construction  of  a  breakwater, 
about  1  mile  long,  on  the  line  we  have  indicated. 

Our  only  objection  to  it  is  the  great  depth  of  water  on  the  proper  line 
of  breakwater,  and  consequent  enormous  cost. 

There  is  the  further  objection  to  making  a  breakwater  here  that  about 
half-way  betweeu  Port  Orford  and  Cape  Orford,  and  some  3  miles  off 
the  coast,  there  is  to  be  found  a  great  group  of  rocky  islets  and  sunkeu 
rocks,  called  Orford  liecf,  which  render  the  approach  to  Port  Orford 
from  the  north  somewhat  daugerous. 

CAPE  GREGORY. 

This  is  the  pnly  place  on  the  coast,  between  San  P'rancisco  Bay  and 
Nee-ah  Bay,  that  affords  protection  for  vessels  in  a  southerly  or  south- 
east gale. 

The  anchorage  is  protected  from  heavy  seas  from  the  southwest  by  a 
tongue  of  land  some  20  or  30  feet  wide  on  top  and  50  to  60  feet  high, 
extending  out  to,  and  a  short  distance  beyond,  the  light  house,  but  it  is 
entirely  exposed  to  the  north  and  northwest  seas.  From  there,  for  a 
quarter  of  a  mile  farther,  proteciion  is  given  by  a  rocky  ledge  extend- 
ing out  to  sea  in  a  north  northwest  direction. 

This  tongue  of  land,  upon  which  the  light-house  is  situated,  is  an 
islaud  connected  with  the  mainland  by  a  wooden  bridge.  The  tongue 
is  rock,  overlaid  with  earth,  which  supports  a  luxurious  growth  of 
grasses,  with  some  pine  trees. 

The  Coast  Survey  chart  of  this  bay  not  being  as  yet  completed,  we 
took  more  than  100  soundings  iu  and  around  the  bight  northeast  of 
Cape  Gregory. 
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A  few  characteristic  ones  are  do  ted  on  the  chart  herewith,  all  reduced 
to  the  plane  of  low- water. 

Deep  water  is  found  close  inshore. 

Rock  is  not  abundant  here  in  the.  immediate  neighborhood,  but, 
doubtless,  plenty  could  be  found  in  a  distance  of  a  few  miles  from  the' 
lighthouse. 

The  character  of  the  formation  close  to  shore  appears  to  change  at 
the  entrance  to  Koos  Bay.  To  the  south  it  is  high  and  rocky ;  toward 
the  north  it  is  low  and  sandy. 

A  breakwater  half  a  mile  long,  as  iudicated  on  the  chart,  from  the 
end  of  the  rocky  ledge,  and  at  right  angles  to  it,  would  furnish  a  safe 
harbor  about  half  a  mile  square. 

The  places  named  in  the  foregoing  review  are  the  only  open-sea  har- 
bors between  cJan  Francisco  and  the  Straits  of  Fuca,  so  far  as  we  are 
informed,  where  it  would  be  possible  to  make  a  harbor  of  refuge. 

Humboldt  Bay  and  Koos  Bay,  south  of  the  Columbia  Biver,  and  also 
Shoalwater  Bay  and  Gray's  Harbor,  north  of  that  river,  are  all  good 
land-locked  harbors;  their  entrances  being  obstructed  by  bars  of  sand, 
over  which  the  sea  breaks  almost  iucessautly,  aud  often  with  great  vio- 
lence. 

We  think  the  only  way  a  safe  entrance  into  these  inclosed  harbors 
could  be  obtained  would  be  by  the  construction  of  two  parallel  dikes, 
or  jetties  of  heavy  stone,  extending  from  deep  water  in  the  harbors  out 
to  deej)  water  in  the  ocean. 

The  tidal  prism  in  all  of  these  inland  harbors  is  very  large,  and  if 
such  jetties  could  be  built  they  would  make  safer  harbors  of  refuge 
than  would  be  attainable  in  an  open  roadstead. 

Doubtless  such  jetties  could  be  builtr  but  without  any  experience  in 
such  constructions,  either  in  this  or  foreign  countries,  the  Board  has  re- 
frained from  making  any  plans  or  estimates  for  the  four  laud  locked 
harbors  above  named. 

NECESSITY  OF  A  HARBOR  OP  REFU&E  BETWEEN  SAN  FRANCISCO  AND 

PUGET  SOUND. 

We  have  deferred  the  consideration  of  this  subject  to  the  close  of 
this  report,  because  to  judge  of  the  necessity  of  a  harbor  of  refuge  we 
ought  to  know,  approximately  at  least,  the  cost  of  such  harbor  aud  the 
value  of  the  shipping  which  would  seek  protection  in  it. 

If  the  cost  of  such  a  harbor  is  out  of  all  proportion  to  the  value  of 
the  property  seeking  its  protection,  or,  strictly  speaking,  if  the  annual 
interest  on  the  cost  and  maintenance  of  such  a  harbor  is  greater  than 
the  value  of  the  vessels  and  cargoes  that  might  be  lost  or  damaged  for 
the  want  of  it,  political  economy  would  say  that  it  ought  not  to  be 
built. 

We  are  aware  that  other  considerations  ought  to  enter  as  factors  in 
the  decision  of  this  subject,  such  as  the  value  of  the  lives  that  may  be 
lost  for  the  want  of  a  harbor,  aud  the  constant  apprehension  of  dauger 
on  such  a  long  liue  of  exposed  coast,  and  consequent  enhanced  insur- 
ance. 

Again,  the  commerce  of  this  coast  is  increasing  rapidly,  and  although 
the  time  may  not  yet  have  arrived  when  the  Government  would  be  jus- 
tified iu  constructing  an  expensive  harbor,  yet,  if  this  commerce  goes 
on  increasing  as  rapidly  in  the  future  as  it  has  in  the  past,  that  time 
will  arrive  at  no  distant  day. 

Here,  again,  it  is  difficult  to  draw  a  line  of  demarkation  between  the 
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present  and  the  future;  for  the  construction  of  any  of  the  breakwaters 
we  have  named  will  necessarily  occupy  many  years.  If  we  fix  upon 
any  future  time  when  a  harbor  of  refuge  will  be  demanded  in  the  in- 
terests of  commerce,  then  the  construction  of  that  harbor  should  be 
commenced  many  years  before  that  time. 

To  illustrate  these  ideas  practically  we  will  refer  again  to  Trinidad 
Harbor,  which  is  the  one  to  which  we  give  preference. 

We  will  suppose  that  it  is  decided  to  build  a  harbor  of  refuge  at  this 
place,  and  in  the  first  instauce  to  construct  only  the  portion  represented 
by  the  lines  a,  ft.  ft,  bl ;  the  two  distances  being  2,200  feet. 

Now,  in  this  portion  of  the  work  there  is,  as  we  have  planned  it, 
7G2,000  cubic  yards  of  stone,  or  disregarding  the  void  spaces  between 
the  stone,  which  would  be  about  a  proper  allowance  for  the  stone  that 
might  be  washed  away  by  storms  during  the  construction,  and  allow- 
ing 2  tons  to  the  cubic  yard,  we  have  1,524,000  tons  of  stone. 

If  we  suppose  the  sea  to  be  sufficiently  smooth  to  permit  work  to  be 
prosecuted,  on  au  average,  for  200  days  in  the  year,  and  that  we  can 
quarry,  transport,  and  put  in  place  1,000  tons  of  stone  for  each  of  these 
200  (bus,  the  construction  of  this  portiou  of  the  breakwater  would  oc- 
cupy 7.6  years. 

We  are  aware  that  the  portion  of  the  breakwater  we  are  now  cousid- 
ing,  having  one  end  connected  with  Trinidad  Head  at  a  central  positiou, 
with  quarries  to  the  right  and  left,  and  one-half  mile  loug  if  necessary, 
affords  great  facilities  for  rapid  construction. 

If  sufficient  funds  were  appropriated,  so  that  work  would  not  have  to 
be  suspended  for  waut  of  money,  it  is  probable,  with  the  aid  of  proper 
appliances,  such  as  steam  cars,  steam-drills,  steam-derricks,  and  an  ele- 
vated superstructure  along  the  line  of  the  breakwater,  it  might  be  pos- 
sible to  quarry  and  put  in  place  as  much  as  5,000  tons  of  stone  per  day, 
in  the  substructure  and  heart  of  the  work,  up  as  high  as  the  level  of 
15  feet. 

At  this  rate,  this  portion  of  the  construction  would  only  occupy  21S 
working  days,  after  the  quarries  Were  once  opened  and  all  the  auxiliary 
arrangements  completed. 

Although  this  substructure  contains  the  greatest  mass  of  stone  in  the 
work,  its  construction  would  not  necessarily  occupy  the  greatest  time. 
The  heavy  stone  above,  between  15  feet  and  low- water,  could  not  be 
handled  so  rapidly.  Nor  could  the  protecting  mass  of  outside-stone,  or 
the  paving  on  the  harbor  side. 

But  it  is  the  construction  of  the  wall  of  cut-stone  masonry  which  would 
occupy  the  most  time.  Its  foundation  would  be  tide-work,  requiring  a 
combination  of  favorable  circumstances  to  enable  it  to  be  placed — such 
as  low  tide  and  a  smooth  sea.  In  fact,  the  construction  of  the  entire 
wall  would,  to  a  more  or  less  extent,  require  these  favorable  conditions. 
For  these  reasons  we  think  that  1,000  tons  is  a  fair  estimate  of  the 
quantity  of  stone  that  could  be  placed  iu  positiou,  for  each  working  day, 
as  applied  to  the  entire  mass  of  stone  in  the  breakwater. 

To  construct  the  eutire  breakwater  on  the  lines  a,  ft,  b  ft1,  c,  d,  and  d,  e, 
at  the  rate  we  have  supposed,  would  occupy  17.9  years. 

If,  therefore,  we  cau  fix  upon  any  time  iu  the  future  when  the  wants 
of  commerce  will  require  a  breakwater  here,  or,  in  fact,  at  any  other 
point  on  the  coast  now  under  consideration,  it  is  manifest  from  the  great 
magnitude  of  the  work,  as  well  as  the  uncertainty  of  the  appropriations, 
that  such  a  construction  should  be  commenced  some  twenty  years  before 
that  time. 
To  enable  us  to  arrive  at  some  conclusion  in  regard  to  this  period,  we  • 
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have  compiled  from  the  records  of  the  custom-house  in  San  Fiancisco, 
the  following 'statement  showing  the  import  and  export  trade  of  mer- 
chandise, by  sea,  from  this  city,  and  the  tonnage  and  number  of  vessels 
arriving  and  departiug  for  several  years: 


Value  of  imports 
Value  of  exports 

Total 


1874. 


131, 539, 708 
28,  425, 248 


59, 954, 956 


1875. 


$35, 708, 782 
30,554,081 


66,263,863 


1676. 


$37,  559,  il  8 
31,314,782 


68, 873,  800 


1876. 

Number. 

Tonnage. 

Vessels  arrived  from  foreign  ports 

631 
659 

723  379 

Vessels  cleared  for  foreign  ports 

7fill  till 

"""             • — — ?  •  •  — 

Total 

1  JJ90           1  *4£4   140 

_,  -^  -,  _ .~ 

Total  arrivals  during  the  years — 


Xiilhber  of  vessels 
Tonnage  


1874. 

1875. 

4,304 
1,548,841 

4,350 
1, 584, 123 

1876. 


4,6?5 
1, 793, 091 


Assuming  that  the  number  and  tonnage  of  vessels  departing  is  the 
same  as  that  for  arriving,  we  would  have  a  graud  total  for  the  vear 
1876,  of— 

N nmber  of  vessels  arrived  and  departed 9,270 

Tonnage  of  vessels  arrived  and  departed 3,586, 1£2 

Much  of  this  commerce  would  not  receive  any  benefit  from  a  harbor 
of  refuge  located  at  any  point  between  San  Francisco  and  the  Columbia 
liiver. 

All  outward-bound  vessels  from  San  Francisco  to  more  southern  ports, 
or  around  Cape  Horn,  do  not  require  a  harbor  of  refuge  north  of  this 
city:  but  ou  their  return-trips  the  case  is  somewhat  different,  for  sail- 
ing-vessels bound  to  San  Francisco  from  any  southern  port  usually 
stand  well  off-shore,  aud  hold  their  course  to  the  northward  until  they 
have  passed  the  latitude  of  San  Francisco.  The  prevailing  northwest 
winds  then  enable  them  to  approach  the  coast  in  the  vicinity  of  Point 
Keyes,  or  at  least  north  of  this  city,  aud  have  a  fair  wind  for  entering 
the  harbor. 

It  is,  however,  the  commerce  passing  along  or  near  the  northern 
coast  of  California  and  the  coast  of  Oregon  which  is  more  directly  inter- 
ested in  a  harbor  of  refuge  ou  the  portiou  of  the  coast  we  are  now  consid- 
ering. We  have  been  unable  to  ascertaiu  the  amount  of  this  commerce 
or  the  number  of  vessels  engaged  in  it. 

Both  Trinidad  Harbor  and  Port  Orford  are  well  situated,  geograph- 
ically, for  a  harbor  of  refuge  for  all  vessels  bound  from  San  Francisco, 
or  any  southern  port,  to  all  northern  Pacific  coast  ports  of  the  United 
Suites  or  British  Columbia,  and  Trinidad  Harbor  is  onlv  130  nautical 
07  K 
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miles  from  the  arc  of  a  great  circle  between  San  Francisco  and  Yoko- 
hama or  Hong-Kong. 

Sailing-vessels  to  or  from  San  Francisco  for  Japan  or  China  usually 
take  the  northern  passage,  or  the  arc  of  a  great  circle  between  their 
points  of  departure  and  destination.    The  steamers,  however,  take  a 
more  southerly  route* 
Kespectfully  submitted. 

G.  H.  Mendell, 

Major  of  Engineers. 
E.  S.  Williamson, 
Lt.  Col,  U.  8.  Engineers. 
B.  S.  Alexander, 
Lt.  Col.  of  Engineers,  Prest.  Board  of  Engineers,  Pacific  Coast, 

I  concur  in  general  with  the  views  expressed  in  above  report,  but  differ 
from  the  majority  in  regard  to  cross-sectiou  and  plan  submitted. 

C.  Seaforth  Stewart, 

Lt.  Col.  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


ESTIMATES  OF  COST  (GOLD  COIN)  OF  BREAKWATERS  AS  PROPOSED  FOR  VARIOUS  HAR- 
BORS OF  REFUGE  ON  THE  PACIFIC  COAST  BETWEEN  SAN  FRANCISCO  AND  THE 
COLUMBIA  RIVER. 

Drakes  Bay. 

For  one  mile  long $6,168,909 

Add  10  per  cent,  for  contingences 616,891 

Total 6,785,800 

Bodega  Bay. 

For  section  ab $580,000 

For  section  c  d 443,000 

For  section  ef 1,130,000 

For  section/0 3,855,000 

6,013,000 

Add  10  per  cent,  for  contingences  601,300 

Total 6,614,300 

Mendicino  Bay. 

Forsection  ab $1,231,250 

For  section  cd 1,909,750 

3,141,000 

Add  10  per  cent,  for  contingencies 314, 100 

Total 3,455,100 

Trinidad  Harbor. 

Forsection  ab $2,7a8,500 

Forsection  bbx 288,000 

For  section  cd 2, 009, 000 

Forsection  ef. 1,909,500 

6, 995, 000 

Aid  10  per  cent,  for  contingencies 699,500 

Total 7,694,5C0 
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Crescent  City. 

For  section  a  ft $1,771,700 

For  section  cd 3,703,700 

5, 475, 400 

Add  10  per  cent,  for  contingencies.-. « 547,540 

Total 6,022,940 

Mack?*  Arch. 

For  section  ab $597,400 

For  section  cd 704,950 

For  section  e  f  .... 557,700 

For  section  gh 1,-174,200 

For  section  i  k 2,192,000 

5, 226, 250 

Add  10  per  cent,  for  contingencies 522,625 

Total 5,748,875 

Port  Orford. 

For  section  ab $4,538,720 

For  section  be 4,524,260 

For  section  de 439, 150 

9, 552, 130 

Add  10  per  cent,  for  contingencies 955,213 

Total 10,507,343 

Cape  Gregory. 

For  one-half  mile $3,372,880 

Add  10  per  cent,  for  contingencies 337,2d8 

Total 3,710,168 
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IMPROVEMENT  AND  CARE  OF  THE  PUBLIC  BUILDINGS  AND 
GROUNDS  IN  THE  DISTRICT  OP  COLUMBIA,  AND  THE 
WASHINGTON  AQUEDUCT.— REPORTS  FOR  THE  FISCAL 
YEAR  ENDING  JUNE  30,  1877. 

KK  i. 

REPORT  OF  COLONEL  O.  E.  BABCOCK,  CORPS  OF  ENGINEERS, 
FOR  PART  OF  THE  FISCAL  YEAR  ENDING  JUNE  30,  3877. 

General  :  I  have  the  honor  to  submit  the  following  report  of  the 
operations  on  the  works  under  my  charge  from  July  1,  1876,  to  March 
3,  1877,  at  which  time  I  was  relieved  from  the  duties  of  the  office. 
(Special  Orders  No.  44,  Headquarters  of  the  Army,  A.  G.  O.,  Washing- 
ton, D.  C,  February  27, 1877.) 

As  no  appropriation  bills  for  the  service  of  this  office  were  passed 
until  August  14,  but  little  work  was  done  from  the  commencement  of 
the  fiscal  year  until  after  that  date.  The  work  done  consisted  in  water- 
ing and  mulching  a  large  number  of  trees — evergreens  and  others — 
which  wgre  planted  in  the  spring,  and  were  suffering  on  account  of  the 
unusually  hot  and  dry  weather  of  July.  The  young  trees  in  the  nursery 
were  also  cared  for  at  the  same  time  and  in  the  same  manner.  The  em- 
ployment of  the  force  to  do  this  work  was  under  the  acts  of  Congress 
making  appropriations  for  the  temporary  expenses  of  the  Government, 
approved  June  30, 1876. 

I  regret  to  state  that  during  this  heated  spell  one  of  the  laborers  on 
the  regular  force  (an  old  soldier)  died  from  the  effects  of  a  sun-stroke. 
Having  left  no  means  from  which  the  necessary  funeral  expeuses  could 
be  paid,  the  expenses  were  paid  by  the  employes  of  the  office. 

The  watchmen  in  Lincoln,  Judiciary,  and  Rawlins  Squares,  Washing- 
ton Circle,  and  Pacific  Place,  and  two  in  the  Smithsonian  grounds  were 
discharged  August  14, 187G,  Congress  having  made  no  appropriation 
for  their  payment  after  that  date. 

M'PHERSON  (FORMERLY  SCOTT)  SQUARE. 

After  the  completion  of  the  pedestal  for  the  equestrian  statue  of  Gen. 
James  B.  McP hereon,  and  the  placing  of  the  statue  on  the  same,  the 
square  was  cleaned  and  put  in  proper  condition.  During  the  improve- 
ment of  this  square  it  became  necessary  to  remove  a  number  of  trees 
and  shrubs.  Those  of  value  were  transplanted  to  the  nursery  for  future 
use. 

Four  large  bronzed  vases  were  purchased,  and  placed  in  position 
around  the  statue.  To  protect  them  from  action  of  frost  they  were 
placed  on  brick  foundations. 

The  work  of  erecting  the  pedestal  and  of  placing  the  statue  thereon 
was  performed  without  accident  of  any  kind.  These  improvements  add 
inach  to  the  beauty  of  the  square. 
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This  statue  was  unveiled  on  October  18,  1876,  with  appropriate  cere- 
monies, in  which  the  President  and  Cabinet,  members  of  the  Supreme 
Bench,  officers  of  the  Army  aud  Navy,  and  citizens  of  Washington  in 
general  participated.  At  the  request  of  intimate  friends,  approved  by 
the  mother  of  General  McPhersou,  an  attempt  was  made  to  bring  his 
remains  to  Washington  and  place  them  within  the  foundation  of  the 
pedestal.  When  partially  disiuterred,  an  injunction  was  issued  by  the 
State  court  of  Ohio,  at  the  solicitation  of  the  representatives  of  the 
Clyde  (Ohio)  Monumental  Society,  and  all  further  attempts  to  remove 
them  were  abandoned. 

LINCOLN  SQUARE. 

At  the  request  of  Mr.  J.  E.  Yeatman,  of  Saint  Louis,  the  president  of 
the  Western  Sanitary  Commission,  having  charge  of  the  funds  sub- 
scribed by  the  colored  people  of  the  United  States  for  procuring  and 
presenting  to  the  Government  the  Lincoln  Group,  this  office  designed, 
procured,  and  placed  in  position  the  two  bronze  inscription-plates  now 
on  the  pedestal.  The  entire  cost  of  procuring  aud  placing  these  plates 
in  position  was  defrayed  by  said  commission. 

These  plates  are  ornamental,  and  give  a  brief  history  of  the  manner 
in  which  the  "Group"  was  obtained  and  presented  to  the  Government. 

The  trees,  walks,  &c,  in  the  square  were  properly  cared  for  duriug  the 
season,  and  all  are  in  good  condition.  The  grass  was  cut  several  times 
during  the  year  without  cost  to  the  office,  the  parties  cutting  the  same, 
under  charge  of  the  watchman,  taking  the  grass  for  their  pay. 

GROUNDS  SOUTH  OF  THE  EXECUTIVE  MANSION. 

A  large  quantity  of  earth  was  deposited  in  these  grounds  during  the 
year,  and  was  used  in  grading  them,  the  necessary  force  being  employed 
for  that  purpose. 

The  greater  portion  of  the  earth  received  was  from  Pennsylvania  ave- 
nue, removed  in  grading  for  the  new  pavement  authorized  by  Congress. 
Nothing  was  paid  the  contractors  for  this  earth,  aud  but  little  was  paid 
for  earth  deposited  by  others,  owing  to  the  limited  appropriations  made 
for  these  grounds.  As  the  tilling  of  the  grounds  progressed,  it  became 
necessary,  in  the  lower  portions,  to  provide  for  carryiug  off  the  water 
that  collected  there  after  rains,  and  which  would  soon  form  pools  of  stag- 
nant water  injurious  to  the  public  health.  This  was  done  from  time  to 
time  by  constructing  woodeu  drains  and  connecting  them  with  the  sew- 
ers along  £  street  north.  While  not  of  a  permanent  character,  they 
answer  the  purpose  admirably.  The  improvement  contemplates  tile- 
draining  these  grounds,  when  the  temporary  drains  will  no  longer  be 
required. 

A  large  quantity  of  the  sweepings  from  the  streets  of  the  city  was 
dumped  in  these  grounds  and  placed  in  piles,  and  being  of  more  value 
than  the  earth  ordinarily  deposited,  is  reserved  for  soiling  when  the  final 
grade  is  completed.  As  good  soil  for  final  grade  is  difficult  and  quite 
expensive  to  procure,  these  sweepings  will  be  of  much  value  in  prepar- 
ing the  grounds  for  seeding  and  planting.  No  payment  was  made  for 
these  sweepings. 

The  roadways  were  repaired  from  time  to  time  as  was  necessary;  the 
gutters  were  kept  free  from  weeds  and  in  good  repair,  and  the  walks  were 
occasionally  swept  and  cleaned. 

The  small  space  which  incloses  the  building  south  of  the  Treasury 
Department  was  graded,  soiled,  and  sown  with  blue-grass  seed,  an  im- 
provement much  needed. 
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MONUMENT  GROUNDS. 

A  portion  of  these  grounds  north  of  the  monument  was  graded,  soiled, 
and  sown  with  rye  and  blue-grass  seed,  completing  the  grading  of  these 
grounds,  with  the  exception  of  a  small  portion  occupied  by  the  buildings 
of  the  Washington  Monument  Association — one  occupied  by  monument- 
keeper,  the  other  containing  memorial  stones  for  the  monument.  To 
protect  the  slopes  of  the  ground  thus  graded  and  to  carry  the  water  from 
them  to  the  lake  without  injury  to  its  banks,  two  lodges  were  constructed 
at  the  bottom  of  the  slopes  and  125  feet  of  sewdr-pipe  were  laid  to  con- 
duct the  water  to  the  bottom  of  the  lake. 

The  island  in  the  western  lake  was  covered  with  good  soil,  sown  with 
rye  and  blue-grass  seed,  and  a  number  of  trees,  shrubs,  and  flowers  were 
planted.  Its  banks  were  outlined,  graded,  soiled,  and  sodded  to  the 
water-line;  below  that  to  the  bottom  of  the  lake,  a  depth  of  4  feet,  the 
banks  were  protected  from  the  action  of  the  water  by  paving  with  cob- 
ble stoues,  thus  giving  the  banks  a  permanent  and  ornamental  finish. 
The.  west  side  of  the  roadway,  between  the  lakes,  was  iu  like  manner 
graded,  sodded,  and  paved,  thus  giving  the  banks  of  the  lakes,  roads, 
and  the  island  a  uniform  appearance.  The  forming  of  these  lakes,  the 
roadway  between  them,  and  the  extension  of  Virginia  avenue,  amount- 
ing iu  ail  to  about  fifteen  acres,  has,  without  doubt,  been  very  beneficial 
to  the  general  health  of  the  vicinity.  Sheets  of  pure  water,  green  lawns, 
and  roadway  now  occupy  the  space  formerly  a  marsh  overgrown  with 
vegetable  matter  left  to  decompose  and  decay,  necessarily  producing 
much  malaria.  During  the  long,  cold  period  of  the  winter  these  lakes 
afforded  fine  skating,  a  favorite  resort  for  ladies  and  gentlemen  as  well 
as  children.  Every  facility  was  afforded  to  keep  the  ice  iu  good  condi- 
tion for  skating. 

The  necessary  repairs  to  the  gravel  roadways  in  these  grounds  were 
made  from  time  to  time,  removiug  such  large  stoues  as  worked  to  the 
surface. 

GREENHOUSES  AND  NURSERY. 

The  necessary  repairs  preparatory  to  winter  were  made  on  the  green- 
houses iu  the  nursery.  The  plants  passed  through  the  unusually  cold 
winter  in  good  condition.  The  appropriation  being  small,  a  less  force 
than  usual  was  employed  in  the  greenhouses  caring  for  the  plants  and 
propagating  new  ones  for  bedding  out  in  the  public  grounds  and  for  the 
usual  spring  distribution  to  members  of  Congress  and  others. 

The  thousands  of  small  trees  in  the  nursery  have  been  carefully  cul- 
tivated, and  have  made  a  fine  growth,  aud  promise  to  be  valuable  for 
future  planting.  A  quantity  of  choice  tree-seed  was  gathered,  properly 
cured,  and  packed  for  planting  at  the  proper  time.  For  thfe  protection 
of  the  foundations  of  the  greenhouses  from  the  effect  of  surface-water  a 
cobble-stone  gutter  was  constructed  around  them  and  connected  with  the 
underground  drains. 

LAFAYETTE  SQUARE. 

The  walks  in  this  square  were  kept  free  from  weeds  and  were  repaired 
when  required.  The  grass  was  cut  frequently  and  the  trees  were 
trimmed  at  the  proper  season. 

The  gun-carriages  supporting  the  captured  cannon  that  surround  the 
statue  of  Jackson  having  become  decayed,  were,  at  the  request  of  tbi* 
office,  kindly  removed  and  new  ones  substituted  by  the  Chief  of  Ord- 
nance of  the  United  States  Army, 
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VARIOUS  RESERVATIONS. 

The  roadways  in  the  Smithsonian  grounds,  Armory  Square,  and  the 
reservations  between  Third  and  Sixth  streets  and  Maryland  and  Maiue 
avenues,  were  kept  in  good  repair.  Most  of  them  received  a  coatiug  of 
screened  gravel,  1,334  cubic  yards  of  gravel  being  used  for  the  purpose. 
The  trees  and  shrubs  iu  these  grounds,  as  well  as  those  in  Lafayette, 
Franklin,  Rawlins,  Farragut,  and  McPherson  Squares,  the  Thirteenth- 
street,  Washington,  and  Fourteenth  street  circles,  and  the  various 
inclosed  triangular  reservations  throughout  the  city,  were  properly 
cared  for.  The  grass  was  mowed  in  them  from  time  to  time,  as  was 
necessary.  The  grass  that  was  cut  in  the  Smithsouian  and  Armory 
Square  grounds  was  cured,  stacked  iu  the  nursery  grounds,  and  used 
iu  feeding  the  public  animals.  The  appropriation  for  various  other 
reservations  being  very  small,  but  little  besides  ordinary  care  could  be 
undertaken. 

In  Armory  Square  the  banks  south  of  the  roadway  that  enters  there 
from  Sixth  street  were  graded,  soiled,  and  sodded,  and  a  cobble-stone 
gutter  laid  on  each  side  of  the  roadway.  This  work  adds  much  to  the 
appearance  of  these  grounds.  It  was  the  intention  of  the  office  to  im- 
prove eastern  side  of  Sixth  street  in  a  similar  manner  as  soon  as 
means  were  available. 

TRIANGULAR    RESERVATION,  PENNSYLVANIA    AVENUE    AND    SEVENTH 

STREET. 

At  the  request  of  the  property-owners  iu  this  viciuity  and  the  gentle- 
men doing  business  on  D  street,  opposite  to  this  reservation,  I  removed 
the  old  iron  fence  that  surrounded  it  and  replaced  it  with  the  iron  post 
aud  chain.  The  improvement  was  made  from  the  appropriation  for 
repairing  iron  fences,  and  at  a  cost  of  only  $250. 

TREES,  ETC. 

The  landscape-gardener  was  sent  in  the  fall  to  various  nurseries  in 
the  North  and  made  purchases  of  such  trees,  shrubs,  and  plants  as  were 
desired  for  planting  in  the  various  reservations  and  the  appropriation 
would  warrant.  The  stock  purchased  was  received  in  good  condition, 
temporarily  placed  in  the  nursery,  and  during  the  fall  was  planted  in 
the  various  reservations  In  numbers  as  follows: 

Monument  grounds ...... 186 

Judiciary  Square 93 

Farragut  Square - 24 

Rawlius  Square  ....? 40 

Mount  Vernon  flace 53 

Reservation,  New  York  avenue,  between  Tenth  and  Twelfth  streets 28 

Reservation,  Massachusetts  avenue,  between  Tenth  and  Twelfth  streets 109 

Reservation,  Massachusetts  avenue  and  Sixth  street 10 

Smithsonian  grounds 408 

Grounds  south  of  Executive  Mansion 37 

McPherson  (Scott)  Square 19 

Thirteenth-street  circle 113 

Reservation,  New  York  avenue  and  Thirteenth  street 9 

Reservation,  Pennsylvania  avenue  and  Eighteenth  and  Twenty-first  streets  ....  60 

Reservation,  Third  street  and  Missouri  avenue 257 

Armory  Square 662 

Reservation  on  Capitol  Hill 226 

Reservation,  Missouri  avenue  and  Sixth  street 113 

Frauklin  Square 5 

Total 2,452 


APPENDIX   KK.  1065 

The  greater  portion  of  the  trees  planted  were  mulched,  and  many  of 
them  were  firmly  secured  to  the  ground  with  wires  and  stakes  to  pre- 
vent injury  by  the  wind. 

SNOW  AND  ICE. 

The  snow  and  ice  were  promptly  removed  from  the  walks  in  front  of 
the  reservations  under  charge  of  this  office. 

SEATS. 

The  seats  in  the  public  grounds  where  broken  were  repaired,  and 
those  torn  from  their  fasteniugs  were  refastened. 

VASES. 

The  vases  intended  for  plants  were  filled  in  the  spring  with  ornamental 
plants  and  flowers,  which  were  properly  cared  for  until  cold  weather  re- 
quired their  removal  to  the  greenhouse,  when  they  were  replaced  by 
hardy  evergreens  for  winter  decoration.  There  being  nineteen  of  these 
vases,  a  large  number  of  plants  were  required  to  fill  them  and  consider- 
able attention  to  keep  them  in  proper  condition. 

FOUNTAINS. 

The  various  fountains  and  bowls  received  such  repairs  during  the  year 
as  were  necessary  to  keep  them  in  perfect  order.  In  the  fall  the  water 
was  turned  off,  the  bowls  were  filled  with  leaves  swept  from  the  lawns, 
and  the  copings  were  thatched  with  evergreens  to  protect  them  from 
injury  by  frost. 

MANURE. 

Manure  from  the  public  stable  and  various  private  stables  was  col- 
lected and  piled  in  Monument  grounds  for  future  use,  at  the  expense  of 
collecting  only. 

PAINTING  FENCES. 

The  iron  fences  that  incU>se  Lafayette  and  Franklin  Squares,  the  Ex- 
ecutive Mansion  grounds,  and  the  Fourteenth-street  circle,  together  with 
lamps,  lampposts,  and  drinking- fountains  connected  therewith,  received 
two  coats  of  paint. 

LODGES. 

The  various  lodges  and  urinals  in  the  parks  received  such  repairs  as 
were  required. 

TELEGRAPH-LINE. 

The  Department  telegraph-line,  connecting  the  Capitol  with  the  De- 
partments, was  kept  in  good  working  order,  but  few  and  quite  tempo- 
rary interruptions  occurring  to  same. 

ANIMALS. 

The  Engineer  Department  having  instructed  me  that  no  appropriation 
for  the  year  could  be  used  in  feeding  the  animals,  (deer,  eagles,  owls, 
prairie-dogs,  and  sparrows,)  I  gave  the  buck  to  the  gate-keeper  at  the 
reeeiviug-reservoir,  Washington  Aqueduct,  and  fed  the  others  with  food 
from  the  reservations  and  from  my  personal  means. 

EXECUTIVE  MANSION. 

Ail  repairs  required  were  made  from  time  to  time,  and  such  refurnishing 
clone  as  the  President's  family  required  and  the  appropriation  afforded. 
The  house  and  its  contents  were  kept  in  excellent  condition. 

During  the  Centennial  Exposition  the  number  of  visitors  to  the  Man- 
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sion  was  very  great,  averaging  nearly  2,000  daily.  The  number  was  so 
great  that  it  was  found  necessary  for  their  preservation  to  take  up  the 
carpets  on  the  first  floor.    They  were  replaced  later  in  the  season. 

The  greenhouses  connected  with  the  Executive  Mansion  received  dar- 
ing the  autumn  such  repairs  as  were  uecessary  for  the  proper  protection 
•of  the  valuable  stock  of  plants  during  the  winter. 

The  grounds  in  front  of  the  Mansion  surrounding  the  fountains  were 
planted  with  tropical  and  semi-tropical  plants  from  the  greenhouses, 
ornamental  bedding,  and  flowering  plants,  producing  a  very  pleasing 
effect  when  viewed  from  the  Mansion  or  from  the  avenue.  All  of  the 
valuable  plants  thus  used  made  a  good  growth,  and  were  removed  to  the 
greenhouse  in  time  to  prevent  damage  by  frost. 

WATER-PIPES. 

The  line  of  pipe  conducting  water  from  Smith's  spring  to  the  Capitol 
was  repaired  where  uecessary,  and  the  flow  to  the  Capitol  was  uninter- 
rupted. A  water-gauge  was  attached  to  this  pipe  near  the  Baltimore 
and  Ohio  Railroad  depot,  for  the  purpose  of  locating  any  leak  that  may 
occur,  and  to  save  the  expense  and  delay  in  searching  for  same. 

The  house  and  fence  inclosing  the  spring  were  repaired  and  white- 
washed. 

The  pipes  in  the  Smithsonian  grounds  were  extended  2,200  feet,  and 
two  driuking-fouutains,  and  globe-valves  for  irrigating  purposes,  were 
placed  in  position  and  the  water  turned  on. 

The  pipes  in  other  reservations  were  kept  in  good  repair. 

BRIDGES. 

Chain  Bridge  was  inspected  and  found  to  be  in  good  order.  No  inter 
ruption  of  travel  over  it  occurred  during  the  year.  The  watchman  in 
charge  of  this  bridge  suffers  more  or  less  every  year  from  malarial  fever, 
caused  to  a  great  extent,  in  my  judgment,  bynhe  improper  condition  of 
the  lodge  furnished  him.  A  properly-constructed  house  should  be  pro- 
vided. The  Navy-Yard  and  Benning's  Bridges  received  all  necessary 
repairs,  so  that  travel  was  uninterrupted  during  the  year. 

» 
Financial  statement 

The  appropriations  made  for  this  office  for  the  fiscal  year  endiug  June  30, 1877,  and 
the  amount  expended  by  tbe  office  to  the  date  of  transfer,  March  3,  1877,  are  as  fol- 
lows: 


Title  of  appropriation. 


Repairs,  fuel,  &c,  Executive  Mansion,  1877 

Improvement  and  care  of  public  grounds.  1877 

Salaries  of  employes,  public  buildings  and  grounds,  under 
Chief  Engineer,  1877 

Bepairs  of  water-pipes  and  fire-plugs,  1877 

Contingent  expenses,  Public  Buildings  and  Grounds,  under 
Chief  Engineer,  1877 

Bepairs  of  Navy-Yard  and  Upper  Bridges,  1877 

Lighting.  <fec,  Executive  Mansion,  1877 

Telegraph  to  Connect  tlr  Capitol  with  the  Departments 
and  Go vernmf  nt  Printing-Office,  1877 

Improvement  of  Judiciary  Square,  act  of  Congress  ap- 
proved January  20, 1877 

Amounts 


Amount  ap- 
propriated. 


$17,000  00 
30,000  00 

32,4(0  00 
5,000  00 

500  00 

1, 000  00 

19,000  00 

500  00 

2,000  00 


Expended  to 
Mar.  3, 1877. 


$12. 880  85 
23,118  23 

21, 310  24 

4, 388  46 

449  30 

284  00 

12, 918  75 

463  75 


Unexpended. 


#4.119  15 
6,881  77 

11,149  76 
611  54 

50  70 

716  00 

6,  081  25 

36  25 

2,000  00 


107,  460  00 


75, 813  58 


31, 646  42 
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It  will  be  seen  by  this  statement  that  the  total  sum  appropriated  is 
$107,460,  and  the  expenditure  $75,813.58,  leaving  a  balance  unexpended 
of  $31,646.42 ;  also  tbat  the  expenditure  exceeds  two-thirds  of  the  appro- 
priation by  $4,174.  This  excess  was  caused  by  the  expenditure  of  cer- 
tain items  of  the  appropriation,  such  as  coal,  cleaning  off  snow  and  ice, 
and  the  repairs  to  the  greenhouses  to  protect  the  plants  during  the  winter 
months,  and  similar  necessary  repairs. 

The  expenditures  for  all  purposes  have  been  kept  within  the  limits  of 
the  appropriations  therefor,  and  no  deficiency  has  been  created. 

It  affords  me  great  pleasure  to  again  bear  testimony  to  the  efficient, 
zealous,  and  untiring  service  rendered  the  Government  by  my  assistant, 
Mr.  George  D.  Benjamin  j  Mr.  Balloch,  the  clerk ;  Mr.  George  Brown, 
the  landscape-gardener ;  Mr.  W.  H.  Bailey,  in  charge  of  plumbing  and 
gas-fitting,  and  other  employes. 

On  the  Washington  Aqueduct,  I  am  indebted  to  Theo.  B.  Samo,  the 
assistant  engineer;  John  Ellis,  assistant  superintendent;  and  R.  Dun- 
ning, the  clerk,  for  untiring  and  faithful  service  during  the  entire  time. 

WASHINGTON  AQUEDUCT. 

At  the  date  of  the  last  annual  report,  a  contract  had  been  entered 
into  with  Messrs.*  Asa  Snyder  &  Co.,  of  Richmond,  Virginia,  for  build- 
ing a  wrought-iron  truss-roof  and  galvanized-iron  cornice  on  the  gate- 
house at  Great  Falls. 

Messrs.  Snyder  &  Co.  commenced  work  in  August,  and  fully  com- 
pleted their  contract  in  the  following  February. 

Under  authority  of  the  resolutions  of  Congress,  extending  certain 
appropriations  for  the  fiscal  year  ending  June  30, 1876,  so  as  to  provide 
for  the  necessary  expenses  of  the  Government  for  the  month  of  July, 
the  regular  employes  of  the  aqueduct  were  retained  during  the  month, 
aud  the  work  done  was  limited  to  the  proper  supervision  of  the  distri- 
bution of  Potomac  water  in  the  conduit,  reservoirs,  and  pipe-line. 

By  act  of  Congress  approved  July  31,  1876,  an  appropriation  was 
made  for  the  fiscal  year  ending  June  30, 1877,  as  follows : 

For  engineering,  maintenance,  and  repairs...... $18,000 

For  repairs  of  Georgetown  reservoir 4,000 

The  work  done  under  this  appropriation  during  the  year  was  done  by 
day's  work,  and  the  materials  used  were  purchased  in  open  market. 

In  August,  at  Great  Falls,  repairs  to  the  Potomac  dam  were  com- 
menced by  replacing  the  backing  of  ripraps,  which  had  been  carried 
over  the  dam  by  freshets. 

At  the  receiving-reservoir,  repairs  were  commenced  to  the  wooden 
bridge  over  the  waste  channel.  A  new  floor  was  laid,  and  the  posts  of 
the  bents  were  renewed  with  sound  timber.  At  the  distributing-reser- 
voir, the  iron  cornices  of  the  gatehouses  were  painted.  Between  the 
receiving  and  distributing  reservoirs,  the  ditches  along  the  conduit  road 
were  cleaned  out  and  the  embankments  which  had  been  damaged  by 
the  rains  were  repaired. 

At  Georgetown,  the  repairs  of  the  high-service  reservoir  were  com- 
menced. 

In  September,  the  repairs  to  the  Potomac  dam  were  finished.  Be- 
tween Great  Falls  and  the  receiving-reservoir,  the  epbank  merits  which 
had  been  washed  very  much  by  the  rains  were  repaired,  and  the  repairs 
to  the  wooden  bridge  over  the  waste  channel  were  completed.  At 
Georgetown,  the  repairs  to  the  high-service  reservoir  were  continued. 

In  October,  new  fences  were  built  around  the  wells  of  culverts,  slight 
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repairs  after  a  freshet  in  the  river  were  made  to  the  Potomac  dam,  and 
the  repairs  to  the  high-service  reservoir  were  completed. 

This  reservoir  had  not  been  used  for  the  storage  of  water  since  the  7th 
of  December,  1875,  when,  a  leak  having  been  discovered  therein,  it  was 
emptied  out.  The  repairs  were  commenced  immediately  after  the  ap- 
propriation therefor  had  been  made  by  Congress,  and  they  were  fully 
completed  on  the  6th  of  October. 

The  work  done  consisted  in  uncovering  the  forcing-main  and  recalk- 
ing  its  leaky  joints.  The  pipe-trench  was  refilled  with  clay-puddle.  The 
cracks  in  the  concrete  bottom  were  cut  out  and  filled  with  hydraulic- 
cement  mortar;  and  a  layer  of  concrete,  from  9  to  16  iuehes  in  thickness, 
was  placed  over  the  entire  bottom,  a  circle  of  120  feet  in  diameter. 

Ou  the  7th  of  October,  the  reservoir  was  filled  with  water  to  a  mini- 
mum depth  of  16  feet.  Since  then  it  has  been  in  constant  use  and  has 
not  leaked. 

Concrete  was  made  in  the  following  manner :  Two  platforms  were 
built,  each  12  by  15  feet,  of  1 J  inch  boards.  On  one  platform  the  sand 
and  cement  were  mixed  dry,  then  cast  on  to  the  other  platform  in  the 
form  of  a  basin,  into  which  was  poured  sufficient  water  to  make  mortar. 
This  made  a  batch  of  mortar  about  8  feet  by  5  feet  by  3  inches  thick, 
on  which  was  spread  broken  stones.  The  whole  was  then  turned  twice 
over  with  shovels,  deposited  in  place,  and  lighly  rammed  with  wooden 
rammers.  The  entire  bottom  was  then  plastered  to  a  uniform  surface. 
Each  batch  of  concrete  consisted  of  one  barrel  of  "Rouudtop"  cement, 
2  barrels  of  sand,  5  barrels  of  brokeu  stoues,  and  from  8  to  10  buckets 
full  of  water,  and  these  materials,  when  made  into  coucrete,  averaged 
22J  cubic  feet  for  each  batch. 

The  ornamental  iron  coruice  of  this  reservoir  and  the  iron  fences  on 
Road  and  High  streets  were  thoroughly  painted. 

In  November,  between  Great  *  alls  and  the  distributing-reservoir  the 
macadam  road  was  repaired  and  the  ditches  were  cleaned  out. 

At  Georgetown,  the  floor  of  Rock  Creek  Bridge  was  repaired. 

In  December,  a  2-inch  iron  pipe  was  laid  at  the  receiving  reservoir, 
connecting  a  spring  with  the  gatekeeper's  dwelling,  a  forcing-pump  was 
erected,  and  the  dwelling  supplied  with  spring-water. 

Near  the  distributing-reservoir  a  leak  occurred  in  the  30  inch  main. 
The  Potomac  water  was  shut  off  therefrom,  the  pipe  was  banded,  and^a 
new  joint  was  cast  in  front  of  the  bell. 

In  January,  at  the  receiving-reservoir,  a  channel  for  boats  was  cut 
through  the  ice  to  the  sluice  tower  and  kept  open  during  cold  weather  ; 
the  ice  was  18  inches  thick.  At  the  distributing-reservoir  the  stone 
remaining  on  band  was  broken  and  used  to  repair  the  conduit-road. 

In  Georgetown,  at  the  high-service  reservoir,  laborers  kept  the  snow 
cleaned  off  the  foot-ways  of  Road  and  High  streets. 

From  the  20th  to  the  27tbof  January,  the  officers  of  the  Signal-Service 
Bureau  were  permitted  to  use  the  Washington  Aqueduct  telegraph  for 
the  purpose  of  reporting  the  condition  of  the  Potomac  at  Great  Falls 
and  Harper's  Ferry  during  freshets. 

In  February,  the  embankment  over  culvert  No.  18,  was  repaired.  Re- 
pairs were  also  made  to  the  macadam  road. 

The_following  is  a  financial  statement  to  March  3,  1877  : 

Titles  of  appropriations. 
Jet  of  March  3,  1875. 

For  building  iron  trass-roof  on  gate- house  at  Great  Falls : 

Available  July  1, 1876 |2,947  50 

Expended  in  i876  and  1877 2,947  50 
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Act  of  July  31,  1876. 

Engineering!  maintenance,  and  repairs: 

Available  July  31, 1876 „ $18,000  00 

Expended  to  March  3, 1871 10,081  49 

Available  March  3,  1877 7,818  51 

Repairs  of  Georgetown  reservoir : 

Amilable  July  31, 1876 $4,000  00 

Expended  to  March  3,  1877 4,000  00 

GENERAL  SUMMARY. 

In  closing  this  report  and  my  connection  with  the  office,  which  has 
extended  over  nearly  six  years,  I  take  a  pardonable  pride  in  reverting 
briefly  to  the  work  that  has  been  accomplished  in  the  way  of  improving 
and  beautifying  the  various  public  reservations  in  the  national  capital. 
Many  of  these  reservations  were  commons  and  public  dumping-grounds 
when  I  assumed  the  duties  of  the  position. 

The  reservations,  the  entire  improvement  of  which  was  made  by  this 
office,  number  25,  and  contain  an  area  of  94§  acres.  The  improvements 
consisted  of  draining,  laying  of  water-pipes  for  irrigation  and  to  supply 
fountains,  grading,  sowing  of  grass-seed,  setting  out  trees,  making  walks 
and  roads,  and  inclosing  with  either  post-and-chain  or  iron  fence.  They 
are  situated  as  follows,  viz : 

Triangular  reservation  corner  Pennsylvania  avenue  and  Twenty-first  street. 
Triangular  reservation  corner  Pennsylvania  avenue  and  Nineteenth  street. 
Triangular  reservation  corner  Pennsylvania  avenue  and  Eighteenth  street. 
Triangular  reservation  corner  Pennsylvania  avenue  and  Seventh  street. 
Triangular  reservation  corner  Pennsylvania  avenue  and  Twenty-sixth  street. 
Triangular  reservation  corner  Massachusetts  avenue  and  Fifteenth  street. 
Triangular  reservation  corner  Massachusetts  avenue  and  Seventeenth  street. 
Triangular  reservation  corner  Massachusetts  avenue  and  Tenth  street. 
Triangular  reservation  corner  Massachusetts  avenue  and  Eleventh  street. 
Triangular  reservation  corner  Massachusetts  avenue  and  Sixth  street. 
Triangular  reservation  corner  New  York  avenue  and  Thirteenth  street. 
Triangular  reservation  corner  New  York  avenue  and  Twelfth  street. 
Triangular  reservation  corner  New  York  avenue  and  Tenth  street. 
Triangular  reservation  corner  Maryland  avenue  and  First  street,  E. 
Triangular  reservation  corner  Missouri  avenue  and  Third  and  Sixth  streets. 
Triangular  reservation  corner  Maine  avenue  and  Third  and  Sixth  streets. 
Circle,  Rhode  Island  avenue  and  Thirteenth  street. 
Circle,  Massachusetts  avenue  and  Nineteenth  street. 
Judiciary  Square. 
Lincoln  Square. 
Armory  Square. 
Rawlins  Square. 
Far  rag  ut  Square. 

McPherson  Square.    (ForWrly  Scott  Square.) 
Monument  Grounds. 

Those  improved  in  part  contain  an  area  of  more  than  145  acres,  and  are  as  follows 

Mount  Vernon  Place. 

Smithsonian  Grounds. 

Grounds  around  Executive  Mansion. 

Lafayette  8quare. 

Franklin  Square. 

Reservation,  North  Carolina  avenue  and  Seventh  street,  E. 

In  addition,  the  office  has  erected,  complete,  in  the  public  reservations 
above  enumerated,  10  fountains  and  bowls  and  18  drinking  fountains. 

The  number  of  seats  purchased  and  manufactured  and  placed  in  the 
grounds  is  975. 
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LODGES. 

The  lodges  erected  for  the  convenience  of  the  watchmen  aud  public 
are  five  in  number*  and  are  located  in  Lafayette,  Franklin,  Judiciary,  aud 
Lincoln  Squares,  and  the  Smithsonian  grounds.  • 

LAKES. 

Two  lakes  were  made  in  the  Monument  grounds— one  containing  *an 
area  of  6  acres  and  1,615  square  feet,  and  the  other  4  acres  and  7,310 
square  feet,  and  their  banks  were  sodded  and  paved  with  cobble-stones. 

VASES. 

The  number  of  vases  placed  in  the  public  reservations  is  18^  two  of 
which  are  the  massive  bronze  vases  in  Lafayette  Square* 

ROADS  AND  WALKS. 

The  number  of  square  yards  of  roads  and  walks  laid  is  as  follows: 

Gravel  walks  .* * * > 33,583 

Asphalt * 6,805 

Gravel  roads  ...* **.  ...* * *...... * „  ^7,215 

EXECUTIVE  MANSION. 

The  repairs  to  the  Mansion  have  been  :  Putting  on  new  copper  roof, 
remodeling  the  East  room,  constructing  and  enlarging  the  private  stair- 
way, and  building  three  baths  and  closets  complete,  besides  many  minor 
repairs  that  were  necessary  to  keep  the  Mansion  in  thorough  order. 

STATUES   AND  PEDESTALS. 

During  this  time  I  served  on  the  commission  to  erect  the  bronee  eques- 
trian statue  to  Major-General  Winfield Scott)  procured  and  erected  the 
pedestal  for  the  same. 

Served  on  the  commission  which  procured  the  bronze  statue  to  Major- 
General J.  A.  Rawlins;  designed,  procured,  and  erected  the  pedestal 
for  same. 

Designed,  procured,  and  erected  the  pedestal  to  the  Lincoln  Group  in 
Lincoln  Square. 

Designed,  procured,  and  erected  the  pedestal  to  Major-General  J.  B. 
McPherson  in  McPherson  Square. 

Restored  the  bronze  statue  of  Jefferson,  (so  long  in  front  of  the  Execu- 
tive Mansion,)  procured  pedestal  for  same,  and  placed  both  in  Statuary 
Hall,  Capitol*building> 

BRIDGES. 

Chain  Bridge* — A  substantial  wroughMron  bridge,  1,352  feet  long,  was 
built  over  the  Potomac  at  the  site  of  "  Chain  Bridge."  It  consists  of  six 
spans  of  172  feet  each  and  two  spans  of  160  feet  each. 

Anacostia  Bridge.— A  substantial  iron  and  masonry  bridge  and  a 
causeway  was  built  over  the  Anacostia  River  at  the  site  of  the  Navy- 
yard  Bridge.  It  consists  of  twelve  spans  of  102  feet  each,  one  draw-span 
of  30  feet,  and  440  feet  of  causeway,  making  a  total  length  of  bridge  and 
causeway  of  1,700  feet. 
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WASHINGTON  AQUEDUCT. 

District  of  Columbia  36-inch  main  laid  from  the  distributing  reservoir 
to  the  intersection  of  L  street  and  New  Jersey  avenue,  a  distance  of 
22,000  feet. 

District  of  Columbia  30-inch  main  laid  from  the  36-inch  main  at  the 
intersection  of  L  street  and  New  Jersey  avenue  to  the  Uuited  States  30- 
inch  main  at  the  intersection  of  New  Jersey  avenue  with  Massachusetts 
avenue,  a  distance  of  1,875  feet. 

District  of  Columbia  20-inch  main  laid  from  the  end  of  the  United 
States  20  inch  main  at  the  intersection  of  New  Jersey  avenue  with 
**orth  B  street,  along  the  center  of  North  B  street  to  its  intersection 
with  Eleventh  street  east,  a  distance  of  4,100  feet. 

A  new  office  built  in  Georgetown,  at  Aqueduct  street  and  Bock 
Cr^ek. 

High-service  reservoir  in  Georgetown  finished  with  an  ornamental 
iron  cornice  and  the  dome  covered  with  pebble  stucco,  and  an  orna- 
mental wrought-iron  fence  built  on  Road  and  High  streets. 

Distributing-reservoir,  44  acres,  finished.  Tbe  influent  and  effluent 
gate-houses  and  stair  well-house  were  finished.  The  auxiliary  gate- 
house was  built.  The  central  gate-house  was  built  and  a  48  inch  cast- 
iron  main  laid  therefrom  to  the  effluent  well-house.  The  excavation  of 
the  bottom  of  the  reservoir  was  finished  to  a  level  of  135  feet  above 
datum,  and  a  wooden  fence  8  feet  high  built  entirely  around  the  reser- 
voir, a  distance  of  5,875  feet. 

Stone  bridges  Nos.  1  and  2  were  finished  by  setting  coping,  and 
bridges  Nos.  3  and  4  were  finished  by  setting  cut-stone  parapets  and 
coping.  The  roadway  over  bridges  3  and  4  ("Griffith  Park"  and 
"Cabin  John")  were  covered  with  a  substantial  asphalt  pavement. 

The  roadway  over  the  conduit  was  partially  macadamized.  Four  venti- 
lators were  built  along  the  conduit,  and  a  telegraph  was  erected  from 
Georgetown  to  Great  Falls  and  connected  with  a  printing  instrument 
at  the  falls,  each  reservoir,  and  the  office  in  Georgetown. 

At  Great  Falls  a  stone  dwelling  was  built  for  the  gatekeeper,  a 
wrought-iron  truss  roof  and  galvanized  iron  cornice  was  erected  on 
the  gatehouse,  and  the  Government  lands, 5}  acres,  were  inclosed  with 
a  substantial  wooden  fence. 

At  the  receiving  reservoir,  also  at  the  distributing-reservoir,  a  brick 
dwelling  was  built  for  the  gatekeeper.  The  grounds  surrounding  the 
dwellings  at  Great  Falls  and  the  distributing-reservoir  were  graded  and 
ornamented  with  trees  and  plants. 

The  final  return  of  the  accounts  ending  March  3, 1877,  was  forwarded 
for  settlement  on  March  12. 

A  notice  from  the  First  Comptroller  stating  that  the  account  had 
been  examined  and  found  correct  was  received  May  1, 1877,  and  a  state- 
ment that  the  account  had  been  closed  on  the  books  of  the  Treasury  was 
received  June  14, 1877,  thus  completing  the  entire  disbursement  without 
the  suspension  or  disallowance  of  a  single  item. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

O.  E.  Babcock, 
Colonel  of  Engineers. 
Brig.  Gen.  A:  A.  Humphreys, 

Chief  of  Engineers  U.  S.  A. 
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REPORTS  OF  LIEUTENANT  COLONEL  THOMAS  LINCOLN 
CASEY,  CORPS  OF  ENGINEERS,  FOR  PART  OF  THE  FIS- 
CAL YEAR  ENDING  JU3E  30, 1877. 

KK2. 

improvement  and  care  of  the  public  buildings  and  grounds  in 

the  district  of  columbia. 

Office  Public  Buildings  and  Grounds, 

Washington,  D.  0.,  June  30, 1877. 

General:  In  accordance  with  Special  Orders  No.  44,  Paragraph  8. 
from  headquarters  of  the  Army,  A.  G.  O.,  dated  February  27,  1877.  I 
relieved  Col.  O.  E.  Babcock,  Corps  of  Engineers,  on  the  3d  March,  1877, 
of  the  charge  of  public  buildings  and  grounds,  and  other  public  works 
in  the  District  of  Columbia. 

Understanding  that  Colonel  Babcock  has  reported  the  operations  upon 
public  buildings  and  grounds  up  to  the  time  he  was  relieved  of  their 
charge,  I  confine  this  report  to  that  portion  of  the  fiscal  year  eudiug  June 
30,  1877,  subsequent  to  the  3d  March,  1877. 

LAFAYETTE  SQUARE. 

This  park,  from  its  situation,  is  probably  the  most  frequented  of  all  the 
public  parks  in  Washington,  and  the  improvements  made  therein  the 
past  few  years,  and  the  choice  varieties  of  evergreen  and  deciduous  trees 
planted  within  it — many  of  tbem  perfect  specimens  of  their  kind — make 
it  all  the  more  attractive.    Such  care  as  was  practicable  has  been  be- 
stowed  upon  it;  flowerbeds  have  been  planted,  pipes  repaired,  the  ap- 
proaches to  the  lodge  have  been  screened  by  trellis- work  intended  to 
support  trailing  viues  ;  the  interior  arrangements  of  the  lodge  have  been 
repaired,  the  walls  color-washed ;  the  lawn  mown  repeatedly,  ami  the 
walks  kept  clear  of   grass  and  rubbish.    The  surfaces  of  the  lawns  in 
several  places  have  been  exhausted,  and  the  finer  grasses  have  suffered 
in  consequence,  being  replaced  in  many  instances  by  varieties  of  coarser 
grass,  weeds,  &c.    The  lawns  require  to  be  top-dressed  with  proper  fer- 
tilizers and  resown.    The  margin  of  the  walks  in  this  as  in  all  other 
reservations  open  to  the  public,  has  been  abraded  and  their  outlines 
damaged  by  trespassers,  induced,  apparently,  by  the  roughness  of  the 
gravel-walks,  and  their  muddy  condition  in  the  spring,  which  prompts 
walking  on  the  grass- borders.    In  this  way  paths  have  been  widened 
from  1  to  5  feet,  the  original  outlines  defaced  or  their  symmetry  greatly 
marred.    The  remedy  for  this  evil  seems  to  be  the  use  of  some  material 
that  will  give  an  improved  surface  to  the  walks,  and  some  kind  of  park 
curb  to  define  them  and  preserve  their  uuiformity.    Wherever  these 
trespasses  have  become  very  marked,  measures  have  been  taken  to  ob- 
viate them  and  prevent  their  recurrence,  but  as  long  as  the  roadways 
present  harsh  uneven  surfaces,  as  almost  all  made  of  gravel  do,  it  will 
require  a  considerable  outlay  to  keep  the  turf  bordering  them  in  a  satis- 
factory condition. 

The  underdrainage  of  this  park  is  generally  in  a  very  unsatisfactory 
condition.  The  wooden  box-drain,  the  outlet  of  the  lateral  tile-drains, 
and  waste-pipes  from  drinking  fountains  require  attention  after  almost 
every  hard  rain.    The  traps  for  surface  drainage,  although  constructed 
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at  the  lowest  points,  are  insufficient  in  number,  causing  the  water  to 
overflow  the  surface  of  the  walks.  To  remedy  this,  the  wooden  trunk- 
drain  should  be  replaced  with  terracotta  pipe  of  larger  diameter,  with 
cemented  joints,  and  more  traps  constructed  to  carry  off  surface  drain- 
age. The  sewer  traps  should  be  disconnected  from  the  tile-drain  and 
connected  with  main  drains  of  6-inch  terracotta  pipe. 

The  central  gate  on  the  north  of  the  square  requires  raising,  aud  the 
walks  filling  above  the  grade  of  the  pavement. 

Several  of  the  present  flower-beds  in  this  park  are  so  deeply  shaded 
as  to  render  them  impracticable  for  plant  growth,  and  they  will  be  dug 
op  and  sown  down  in  grass-seed  or  sodded. 

The  wa tcb man ?s  lodge  in  this  park  requires  some  repairs,  which  cannot 
be  made  with  present  appropriations. 

The  large  antique  vases  in  the  ground  might  be  made  available  for 
flowering  plants,  by  having  cast  or  sheet  iron  cases  made  to  fit  them, 
and  it  is  proposed  to  lay  out  flower-beds  at  their  bases  and  in  the  in- 
closures  around  the  Jackson  statue. 

The  appropriation  for  the  improvement  of  public  grounds  is  not  suf- 
ficient to  carry  out  even  the  most  necessary  of  the  repairs  above  indi- 
cated, but  attention  is  called  to  them  in  the  hope  that  their  desirability 
may  be  recognized. 

FRANKLIN  SQUARE. 

This  park  has  been  very  much  improved,  and,  as  a  popular  place  of 
resort,  is  probably  only  second  to  Lafayette  Square. 

Although  it  does  not  contain  as  many  nor  as  valuable  specimens  of 
trees  as  the  former  park,  yet  the  varied  undulations  of  the  ground,  and 
the  manner  of  planting  the  shrubbery,  will  eventually,  by  proper  man- 
agement and  judicious  additions,  produce  very  pleasing  effects.  The 
proximity  of  this  reservation  to  the  Franklin  and  other  schools,  while 
affording  unquestionable  benefit  by  its  shaded  walks  and  pleasure 
grounds  to  the  scholars  and  other  children  frequenting  it,  for  that  reason 
entails  much  additional  labor  to  keep  it  in  order. 

During  the  spring  the  flower-beds  were  dug,  manured,  and  planted, 
and  the  borders  of  many  sodded ;  dead  trees  were  removed,  and  the 
lawns  mown  and  carefully  tended,  as  were  also  the  gravel  walks.  The 
water  and  drain  pipe  connections  with  the  fountain,  and  the  lodge  were 
repaired,  and  the  hemlock  hedges  covering  approaches  to  the  lodge 
carefully  trimmed  and  gaps  in  them  filled. 

The  following  improvements  could  be  made  in  this  reservation  with 
great  effect.  The  margin  of  the  walks,  which  have  been  much  injured 
by  trespassers,  heavy  rains  washing  the  gravel  from  sloping  surfaces,  in 
some  instances  forming  ruts  and  gullies,  which,  when  repaired,  are  again 
washed  out  by  succeeding  rains,  could  be  re-outlined  from  the  original 
plan  and  supplied  with  a  coating  of  asphalt  or  concrete,  guttered,  curbed, 
&c,  and  traps  placed  at  all  low  points  for  surface  drainage.  The  lawns 
require  top-dressing,  and  in  some  places  should  be  sown  with  good 
grasses,  weeds  having  made  considerable  inroads  upon  the  lawns. 

The  granite  copings  to  the  springs  which  supply  the  Executive  Man- 
sion, &c,  are  at  present  above  the  surface  of  the  lawns,  and  should  be 
lowered  to  the  grade.  The  granite  coping  to  the  fountain  in  this  park 
is  constantly  spreading  and  should  be  reset  and  reclamped  so  as  to 
prevent  leaks  in  the  future.  One  of  the  main  gates  on  I  street  is  broken 
and  should  be  repaired,  as  should  also  the  watchman's  lodge. 

JUDICIARY  SQUARE. 

The  improvement  of  Judiciary  Square  was  commenced  in  November, 
1873,  and  has  been  continued  with  such  appropriations  as  were  available. 
68  E 
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At  the  present  time  the  reservation,  with  the  exception  of  the  portion 
occupied  by  the  old  jail,  the  removal  of  which  is  not  under  the  control 
of  this  office,  is  in  an  advanced  stage  toward  final  completion.  The 
walks  and  roads  have  been  laid  out,  the  lawns  formed,  and  a  large 
number  of  evergreens,  deciduous  trees,  and  flowering  shrubs  have  been 
planted.  The  watchman's  lodge  on  the  main  roadway  and  other  im- 
provements of  a  permanent  character  have  been,  completed. 

This  park  has  proven  an  agreeable  place  of  resort  for  residents  of  this 
part  of  the  city,  and  is  daily  visited  by  large  numbers  of  persons.  When 
the  trees  planted  have  attained  a  more  advanced  growth,  and  the  im- 
provements at  present  in  contemplation  have  been  fully  carried  out,  it 
will  not  be  second  to  any  other  park  in  its  advantages. 

During  the  spring  a  number  of  paths  worn  upon  the  lawns  were  dug 
HP,  sown  down  in  lawn-grass,  and  staked  and  wired  to  prevent  further 
travel  upon  them.  Gravel  walks  were  constructed  as  entrances  to  the 
lodge,  their  borders  graded  and  sodded,  and  unfinished  portions  of  the 
lawn  around  the  lodge  improved.  A  cobble-stone  gutter,  20  inches 
wide,  was  constructed  on  margin  of  walk  from  E  street  to  Louisiana 
avenue,  and  a  sewer-trap  connected  with  one  of  the  main  drains  passing 
through  this  park  was  placed  at  the  lowest  point  of  the  walk  to  receive 
surface  water.  The  gravel  walks  and  roadways  were  generally  out  of 
repair  when  I  assumed  charge  of  public  grounds,  and  were  improved  as 
far  as  practicable  with  gravel  removed  from  the  parterre  in  front  of  the 
Executive  Mansion. 

From  an  accidental  breakage  of  the  sewer-pipes  connected  with  the 
lodge  the  foundation  settled  under  its  center,  necessitating  the  takiug 
down  of  the  bowls  and  stand  with  it. 

The  break  was  repaired  in  a  thorough  manner  and  the  opportunity 
embraced  to  make  desired  modifications  in  the  water  supply.  The  lawns 
in  the  reservations  were  mown  as  frequently  as  the  force  at  my  disposal 
would  permit. 

Much  difficulty  has  been  experienced  in  keeping  the  walks  of  this 
park  in  a  serviceable  condi  ion,  every  heavy  rain  causing  the  traps  to 
become  filled  with  sand  and  gravel  aud  washing  deep  gullies  in  the 
roadways.  To  preveut  this  the  walks  and  roadways  should  be  coated 
with  an  asphalt  or  other  fixed  covering,  curbed  and  guttered,  and  sewer- 
traps  constructed  for  surface  drainage.  The  carriage  roads  should  be 
supplied  with  a  coating  of  screened  gravel,  properly  curbed  and  gut- 
tered, and  furnished  with  suitable  traps.  The  great  cause  of  washing 
in  this  park  is  the  insufficiency  of  gutters  and  of  traps,  the  original  plau 
calling  for  47  traps,  while  17  only  have  been  constructed. 

The  water  from  the  drinkiug-fountains  in  this,  as  in  all  other  reserva- 
tions, when  exposed  to  strong  winds,  is  blowu  on  to  the  gravel  for  sev- 
eral feet  around  the  post,  rendering  the  approaches  wet  and  disagreea- 
ble; aud  this  trouble  is  augmented  by  persons  using  the  fountaius 
throwing  water  ou  the  ground.  To  remedy  this  all  drinking-fountains 
should  be  flagged,  curbed,  &c,  or  concrete  pavements  laid  around  them 
with  proper  outlets  for  the  overflow. 

The  aspen,  poplars,  and  soft- wooded  maples  growing  above  the  grade 
in  the  southern  portion  of  the  park  should  be  removed,  and  their  places 
supplied  with  trees  of  a  more  ornamental  character.  A  number  of  flow- 
ering shrubs,  &c,  are  required  to  complete  the  planting  of  this  park, 
and  a  greater  number  of  seats  ought  to  be  provided  for  the  accommoda- 
tion of  the  visiting  public.  As  far  as  means  will  allow,  these  will  be  sup- 
plied as  the  improvement  of  the  ground  progresses.  This  reservation 
having  been  for  m^ny  years  used  as  a  dumping  ground  by  contractors, 
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the  soil  is  mostly  clay,  and  when  trees  and  sbrubs  are  planted,  large 
boles  have  to  be  dug  and  filled  with  good  earth,  to  insure  their  growth. 
The  lawns  require  liberal  top-dressing  of  compost  and  other  fertilizers, 
which  will  be  supplied  as  far  as  practicable. 

GROUNDS  ABOUT  THE  EXECUTIVE  MANSION. 

These  grounds  are  bounded  by  Fifteenth  and  Seventeenth  streets, 
Pennsylvania  avenue,  and  north  B  street.    Including  the  site  of  the 
State,  War,  and  Navy  Departments  building,  as  completed,  and  the 
ground  occupied  by  the  Treasury,  the  park  would  cover  an  area  of  about 
^9  acres.    The  northern  portion,  and  the  iuclosure  south  of  the  Execu- 
tive Mansion,  have  been  partly  improved  and  planted.    The  improve- 
ment of  the  southern  portion,  in  the  immediate  vicinity  and  in  full  view 
°^   the  mansion,  progresses  very  slowly,  and  consists  mainly  in  grading 
f****;h  soil,  clay,  and  refuse  material  as  may  be  deposited  therein  by  con- 
k^^ictors  and  others,  who  fiud  this  a  convenient  dumping-ground.    To 
I^^operly  complete  the  grading  of  this  reservation  would  require  a  large 
**  Impropriation  to  purchase  a  sufficient  quantity  of  soil;  after  which  the 
^^►her  improvements  could  be  vigorously  pressed  forward  to  completion. 
To  continue  the  improvement  of  the  inclosed  portiou  of  this  park,  the 
^"^•avel  walks  should  be  concreted  and  curbed,  and  the  embankments, 
5^J*nsed  by  lowering  the  grade  of  Executive  avenue,  should  be  reduced, 
he  surplus  soil,  &c,  thus  procured,  would  materially  assist  in  grading 
le  south  portion  of  the  grounds.    The  lawn  immediately  in  front  of  the 
tansion  has  been  relaid  in  grass,  and  mown  as  frequently  as  the  funds 
ppropriated  would  admit.    A  plan  for  the  permaneut  improvement  of 
Reservation  is  now  being  prepared. 

The  greenhouses  require  extensive  repairs;  the  wooden  superstruct- 
ure of  the  main  conservatory  is  much  decayed  and  requires  rebuilding. 
-A  substantial  floor,  consisting  of  brick  arches  supported  by  wrought- 
irou  rolled  beams  covered  by  cemeut  concrete,  was  constructed  in  1873, 
sit  which  time  estimates  were  also  prepared  for  an  iron  superstructure  to 
replace  the  present  partially  decayed  structure,  which,  however,  was 
Tiever  commenced  for  want  of  means.    It  is  now  proposed  to  renew  the 
^wooden  superstructure  at  as  early  a  day  as  practicable. 

During  the  spring  an  increased  number  of  seats  was  introduced  into 
the  grounds  south  of  the  Executive  Mausion  for  the  accommodation  of 
the  visitors  who  come  weekly  to  hear  the  concerts  of  the  Marine  Band. 

WASHINGTON  CIRCLE, 
(At  the  intersection  of  Pennsylvania  and  New  Hampshire  avenues.) 

This  reservation  is  not  in  the  condition  its  prominence  deserves  as  re  • 
garding  improvement  and  ornamentation.  The  walks,  as  originally  laid 
out,  were  formed  of  unscreened  gravel,  very  unpleasant  for  pedestrian 
passage. 

In  1874  the  walks  were  taken  up  and  relaid  with  screened  gravel  and 
rolled,  the  mound  at  the  base  of  the  statue  regraded  and  enlarged, 
water-pipes  connecting  with  the  Government  main  were  introduced,  and 
brick  gutters  were  laid  around  the  mound,  connecting  with  a  trap  from 
which  a  line  of  four-inch  pipe  was  laid  to  the  street  sewer.  The  trees 
were  trimmed  to  afford  a  partial  view  of  the  statue,  and  seats  placed  in 
the  circle.  Since  that  time  no  marked  improvement  has  been  made 
there. 

During  the  spriug  the  lawns  were  placed  in  good  condition,  and  the 
usual  care  and  attention  bestowed  upon  them.  The  trees  originally 
placed  in  the  circle  were  principally  of  rapid  growth,  and  unsuitable  to 
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the  present  idea  of  shrubbery  ornamentation.  They  were  thicky  planted, 
and  at  present  conceal  in  many  directions  the  statue,  which  is  the  niaiu 
feature  of  the  circle. 

The  rubble  drains  are  unserviceable,  the  grass  lawns  are  overran 
with  garlic,  the  margins  and  corners  of  the  walks  have  nearly  lost  all 
outline  from  continual  trampling  upon  the  grass,  and,  altogether,  this 
reservation  shows  the  need  of  improvements  which  the  appropriation* 
at  my  disposal  will  not  warrant  me  in  making.  It  is  proper  to  state 
however,  that  to  suitably  improve  this  park  the  trees  of  large  growtl 
and  of  a  character  not  adapted  to  email  grounds  should  be  removed 
wherever  they  now  obstruct  views  of  the  statue  from  the  approaches 
the  ground  should  be  plowed  or  trenched,  the  garlic  picked  out,  an< 
the  soil  enriched  with  good  manure,  regraded,  sodded  or  sowu  down  ii 
lawn-grass  seed.  The  walks  should  be  formed  of  concrete  or  ceraen 
pavement,  which,  when  properly  laid,  is  more  durable  and  less  liable  t 
get  out  of  order  than  gravel;  fenced  with  park  curbing,  guttered,  an< 
provided  with  traps. 

The  park  settees  at  present  in  this  circle  are  located  on  margins  o 
walks,  and  fastened  to  stakes  driven  in  the  ground  to  prevent  thei 
removal.  In  this,  and  indeed  in  most  all  parks  containing  seats,  th< 
latter  have  worked  loose  iji  the  ground,  so  that  the  seats  appear  to  occn 
pants  very  unstable.  This  will  be  remedied  as  far  as  means  at  my  die 
posal  will  permit. 

A  drinking-fountain  placed  in  this  circle  would  be  a  further  publi 
convenience,  and  it  is  proposed  to  plant  flower-beds  in  the  mound  at  th 
base  of  the  statue  and  at  other  points  where  they  will  prove  attractive 

MC  PHERSON  PARK, 
(Vermont  avenue,  between  I  and  K  streets.) 

This  reservation  has  been  improved  with  concrete  walks,  water,  and  gi 
and  handsome  lawns  formed;  a  drinking-fountain  constructed  on  one 
the  walks  and  placed  in  suitable  position.  The  statue  of  General  McPhc 
son,  erected  in  the  center,  is  surmounted  by  4  semicircular  beds,  up< 
which  handsome  vases  have  been  placed,  filled  with  an  assorted  varie 
of  foliage  and  flowering  plauts. 

During  the  present  seasou  these  have  been  carefully  attended,  as  i 
as  the  small  force  available  for  general  work  could  perform  that  duty. 

Prior  to  inclosing  this  reservation  with  a  post-and-chaiu  fence,  Vi 
mont  avenue  passed  through  it,  bordered  by  so  ft- wooded  maples.  Tl 
trees  have  now  reached  maturity,  forming  diagonal  lines  through  t 
grounds,  and,  until  removed,  will  effectually  prevent  the  accomplishme! 
of  any  systematic  ornamental  plantiug  of  the  reservation.  The  line 
maples  should  be  broken,  and  the  planting  of  ornamental  trees  suitat 
for  apark  of  this  character,  commenced  some  time  ago  by  disposing  grou 
of  evergreens  and  shrubs  at  the  open  ends  of  the  park,  should  be  co 
tinued.  The  semicircular  beds  around  the  statue  should  be  supplied  wi 
flowering  plants,  beds  of  which  should  also  be  formed  on  the  lawns  in 
line  with  the  avenue,  if  it  is  retained. 

FARRAGUT  PARK, 
(On  Connecticut  avenne,  between  I  and  K  streets.) 

This  reservation  is  very  similar  in  appearance  to  McPherson  Par 
exceptiug  an  open  space  reserved  in  the  center  for  the  projected  stat 
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of  Admiral  Farragut,  and  which,  at  this  time,  is  used  as  a  bed  for  flow- 
ering plants.  This  park  compares  favorably  with  others,  as  regards  per- 
manent improvements,  but  the  lawns  require  top-dressing,  and  the  con- 
crete walks  minor  repairs.  They  should  be  curbed,  guttered,  provided 
with  traps  for  surface  drainage,  and  inclosures  should  be  made  for  seats 
in  tbe  manner  suggested  in  another  portion  of  this  report.  It  would  also 
improve  the  looks  of  the  ground  to  place  in  it  vases  for  flowering  plants, 
similar  to  those  in  other  squares.  It  is  proposed  to  make  flower-beds  at 
suitable  points  on  the  lawns,  and  to  plant  a  number  of  trees  and  orna- 
mental shrubs,  which  are  required  to  complete  the  original  design.  The 
roadway  through  it,  upon  the  axis  of  Connecticut  avenue,  should  be  re- 
moved, and  suitable  paths  for  the  accommodation  of  foot-passengers 
laid  down  in  its  stead. 

RAWLINS  PARK, 
(New  York  avenue,  between  Eighteenth  and  Nineteenth  streets.) 

This  park  has  all  the  improvements  that  have  been  put  upon  other 
grounds,  having  all  necessary  gas  and  water  pipes,  concrete  walks,  fount- 
ains, vases,  seats,  shrubbery,  and  flowering  plants.  From  its  location 
**  does  not  attract  very  general  attention,  but  is  a  pleasant  place  of 
j*esort,  and  has  received  the  same  amount  of  attention  that  has  been 
bestowed  upon  other  reservations.  It  would  be  further  improved,  how- 
ler, by  curbing  and  guttering  the  walks,  providing  them  with  traps 
*°*  surface  drainage,  dressing  the  lawns  with  compost,  and  placing  an 
^ditional  number  of  vases  and  seats  in  the  grounds.  With  the  excep- 
tion, however,  of  top  dressing  the  lawns,  it  is  not  believed  that  the  im- 
Ptovemeuts  suggested  for  this  park  are  as  imperative  as  those  recom- 
mended for  other  squares. 

MOUNT  VERNON  PLACE. 
(Intersection  of  Massachusetts  and  New  York  avenues.) 

These  grounds  were  improved  in  part  by  the  board  of  public  works  of 
the  District  government,  concrete  roadways  were  constructed  in  a  line 
with  the  streets  and  avenues,  and  the  sidewalks  parallel  thereto  were 
flagged  and  curbed,  and  an  ornamental  iron  fountain  of  artistic  design 
placed  on  a  circular  mound  in  the  center.    The  lawns  are  in  good  con- 
dition, having  been  mown  and  kept  in  order,  as  have  also  the  walks  and 
shrubbery.    The  park  is  inclosed  with  a  post-andchain  fence,  and  has 
settees  placed  on  the  walks.    It  has  not,  however,  been  drained. 
The  following  improvements  are  recommended  for  this  reservation  : 
Thorough  drainage,  the  contraction  of  the  mound  at  the  base  of  the 
fountain,  and  the  formation  of  a  narrow  walk  for  the  accommodation  of 
pedestrians  around  it.    All  the  roadways  of  the  park  intersect  at  this 
point,  and  persons  crossing  them  must  necessarily  step  on  the  mound  to 
keep  out  of  the  way  of  passing  vehicles,  in  consequence  of  which  the 
grass  surface  is  constantly  trodden  down  and  destroyed.    This  would 
be  obviated  by  the  construction  of  a  foot- walk. 

Ths  park  is  too  much  cut  up  with  roads,  and  it  is  submitted  that  the 
removal  of  the  roadways  upon  the  axis  of  New  York  and  Massachusetts 
avenues,  throwing  the  spaces  now  occupied  by  them  into  lawns,  would 
be  a  desirable  improvement. 

The  lawns  require  top-dressing,  and  a  number  of  ornamental  trees  and 
shrubs  are  required  for  the  now  too  open  grounds.    A  number  of  large 
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vases  for  flowering  plants,  if  tastefully  located  in  these  grounds,  would 
greatly  enhance  their  attractiveness.  The  number  of  settees  now  there 
is  insufficient  for  the  wants  of  the  public. 

CIRCLE  AT    THE    INTERSECTION    OP  VERMONT    AND    MASSACHUSETTS 
AVENUES  AND  FOURTEENTH  AND  M  STREETS. 

This  reservation  was  improved  and  planted  in  1872  and  1873,  and  has 
required  no  further  labor  since  than  the  ordinary  care  and  protection 
extended  to  lawn,  trees,  and  shrubbery.  The  plants  and  trees  in  it  are 
unusually  healthy  and  vigorous,  which  is  ascribed  to  the  thoroughness 
with  which  the  ground  was  drained,  and  the  subsoil  incorporated  with 
good  rich  earth  at  the  time  it  was  first  improved.  It  is  supplied  with 
rustic  stone  seats  and  setters,  and  has  a  terracotta  fountain-basin  in 
its  center.  During  the  spring  the  grounds  were  put  in  a  complete  state 
of  order,  and  flowerbeds  dug  and  planted  with  an  assorted  variety  of 
flowers,  as  were  also  the  two  vases  within  the  iuclosure.  The  walks 
originally  laid  down  have,  by  constant  use,  worn  rough  and  uneven,  and 
require  to  be  resurfaced,  and  their  outlines  should  be  defined  aud  pre- 
served by  park-curbing.  In  this,  as  in  all  other  improved  public  reser- 
vations in  this  city,  the  poiuts  or  corners  of  the  lawns  become  abraded 
and  disfigured  by  persons  stepping  on  them  in  passing  from  one  walk 
to  another,  so  that  much  labor  is  necessarily  expended  in  re-lining 
and  re-sodding  them.  Ornamental  metal  guards  placed  on  the  margin 
of  the  plots  at  their  angles  would  prove  an  effectual  remedy,  and  at  the 
same  time  add  to  the  appearance  of  the  grounds. 

This  circle  has  been  selected  by  the  commission  appointed  by  Con- 
gress for  the  site  of  the  statue  of  General  George  H.  Thomas.  It  is 
probable  that  after  the  erection  of  this  statue  the  grounds  will  have  to 
be  entirely  remodeled. 

CIRCLE    AT   THE    INTERSECTION   OF    NEW  HAMPSHIRE,   CONNECTICUT, 

AND  MASSACHUSETTS  AVENUES. 

This  reservation  is  underdrained  by  pipes  leading  to  a  semicircular 
main  drain  connected  with  the  main  sewer  on  Nineteenth  street.  It 
has  also  been  improved  by  gas  and  water,  aud  street-washers  have 
been  located  in  different  parts  of  the  circle.  The  walks  are  covered 
with  concrete,  with  seats  placed  in  suitable  positions,  and  a  variety  of 
trees  and  shrubs  have  been  plauted  in  it. 

During  the  spring  the  grass  in  this  park  was  mown  and  raked  re- 
peatedly, and  blue-grass  and  winter-rye  sown  on  such  portions  of  the 
lawn  as  had  not  good  sod.  Dead  shrubs  were  also  replaced  by  others 
of  healthy  growth  when  practicable.  The  concrete  walks  require  re- 
surfacing and  other  repairs,  and  should  be  curbed,  guttered,  and  pro- 
vided with  trap  sewers  for  surface-drainage.  The  lawns  need  top-dress- 
ing of  compost  or  other  fertilizer,  and  in  some  places,  having  settled,  the 
depressions  require  raising  to  grade  by  a  coating  of  good  soil. 

It  is  understood  that  by  the  plan  adopted  for  this  reservation  a  foun- 
tain was  iuteuded  for  its  center,  and  the  necessary  water  and  wash 
pipes  were  laid.  In  lading  off  the  ground  a  circular  space,  GO  feet  iu 
diameter,  was  reserved  for  the  proposed  fountain.  From  the  command- 
ing position  of  this  reservation  a  fountaiu  of  sufficient  size,  provided 
with  suitable  jets,  would  be  very  conspicuous  from  the  surrounding 
avenues,  and  would  prove  a  most  attractive  feature  in  the  general  or- 
namentation of  the  park.  A  number  of  ornamental  trees  and  shrubs  are 
required  to  complete  the  original  design,  as  are  also  vases  for  flowering- 
plants.  * 
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THIRTEENTH-STREET  CIRCLE. 

This  is  one  of  the  largest  of  the  circles  in  Washington,  and  is  sit- 
uated in  oue  of  the  most  attractive  sectious  of  the  city.  It  has  been 
thoroughly  sabdrained,  necessary  water  and  gas  pipes  introduced,  the 
walks  laid  out,  graveled  aud  concreted,  a  number  of  shade  and  orna- 
mental trees  and  shrubs  planted,  a  fountain-basin  thirty  feet  in  diam- 
eter with  rock-work  center,  intended  as  a  receptacle  for  semi-aquatic 
plauts,  constructed,  four  ornamental  iron  vases  for  flowering  plants 
placed  in  suitable  positions,  and  a  number  of  ornamental  park-settees 
placed  on  the  walks  for  public  accommodation.  The  circle  itself  is  in- 
closed with  a  post-and-chain  fence,  which  includes  eight  ornamental  iron 
lamp-posts. 

The  reservation  received  the  usual  attention  in  the  spring,  such  as 
general  cleaning,  repairing  of  walks,  removal  of  dead  shrubs,  &c.  The 
lawn  also  had  necessary  care  bestowed  upon  it. 

The  walka  iu  this  circle  should  be  curbed  and  properly  guttered  and 
provided  with  traps  to  receive  surface  drainage.  Suitable  paved  spaces 
should  also  be  formed  for  the  seats,  so  as  to  prevent  the  surrounding 
grass  from  receiving  injury  by  persons  using  the  seats  trampling  upon  it. 
Upon  this  subject  I  shall  remark  more  at  length  further  on.  The  lawns 
in  some  places  are  too  low,  and  should  be  brought  to  a  proper  grade  with 
good  soil  and  resowu  with  grass-seed.  It  is  understood  that  this  circle 
when  first  improved  was  cut  down  several  feetr,  the  good  soil  saved,  and 
with  several  hundred  loads  purchased,  applied  to  the  finished  grades. 
It  proved,  however,  to  be  much  less  iu  quantity  than  seems  to  have  been 
required  for  this  purpose,  aud  in  this  as  in  other  public  reservations,  the 
future  success  of  the  lawu  surfaces  will  depeud  iu  a  great  measure  upon 
liberal  use  of  top-dressing  for  a  successiou  of  years. 

Thegrouud  falls  from  the  center  to  the  circumference  of  the  circle,  and 
possesses  many  ornamental  advantages.  Its  topography  leads,  how- 
ever, to  this  disadvantage :  that  during  the  bad  weather  of  wiuter  mouths 
the  flag  pavement  surrounding  it  is  constautly  saturated  with  water  shed 
from  its  surface,  which,  forming  into  ice,  makes  travel  difficult  and  often 
dangerous.  To  remedy  the  difficulty,  gutters  should  be  formed  around 
the  margins  of  the  circle  with  a  sufficient  number  of  sewer-traps  to  carry 
off  the  water.  A  number  of  trees,  shrubs,  &c,  are  required  to  complete 
the  planting  of  this  circle,  and  fiower-beds  will  hereafter  be  formed  on 
the  lawn  surfaces. 

RESERVATIONS    BETWEEN     THIRD     AND    FOUR- AND- AH  ALF     STREETS, 

AND  MAINE  AND  MISSOURI  AVENUES. 

This  reservation  formerly  composed  two  triangles  divided  by  the 
canal,  the  bed  of  which  was  tilled  in  and  added  to  the  reservation,  the 
low  grounds  in  it  raised,  and  the  whole  graded  and  thoroughly  drained. 
Water  and  gas  pipes  have  been  introduced.  The  park  has  been  inclosed 
with  a  post-and-chain  fence,  roadways  and  walks  constructed,  the  lawn 
set  in  grass,  and  choice  ornamental  trees  and  shrubs  plauted.  Two 
drinking- fountains  have  also  been  introduced. 

This  is  the  commencement  of  a  chain  of  parks  extending  from  the 
Capitol  to  the  Washington  Monument,  embracing  the  grounds  south  of 
tne  Executive  Mansion.  The  plan  of  making  a  connected  park  iu  this 
way  was  proposed  by  Downing,  and  approved  by  President  Fillmore. 
If  carried  to  completion  it  would  embrace  the  reservations  intervening 
between  the  Capitol  and  Executive  Mansion.    Sjou  a  park  would  be 
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one  of  the  most  attractive  features  of  Washington.  In  my  judgment 
when  work  is  commenced  on  the  unimproved  ground  in  this  chain,  as  on 
other  unimproved  reservations  in  the  District,  it  should  be  conducted  in 
a  most  thorough  and  systematic  manner  so  as  to  do  away  with  frequent 
repairs.  As  regards  the  improved  portions  of  the  reservation,  the  walks 
should  be  coated  with  asphalt  or  Portland-cement  pavement,  with  bor- 
ders well  defined,  and  guttered,  and  provided  at  all  low  points  with 
suitable  traps  for  surface  drainage.  One  of  the  greatest  wants  of  these 
grounds  is  a  sufficient  number  of  traps  to  carry  off  the  water  of  contin- 
ued rains.  The  lawns  need  constant  attention  and  an  additional  num- 
ber of  ornamental  trees;  and  shrubs  will  be  planted  in  the  reservation 
between  Third  and  Four-and  a-balf  streets  to  fulfill  the  plan  adopted  for 
its  improvement. 

RESERVATION     BETWEEN     FOUR-AND  A  HALF     AND     SIXTH     STREETS, 

MAINE  AND  MISSOURI  AVENUES. 

This  reservation  was  originally  divided  by  the  old  line  of  the  canal 
into  two  parcels  of  land,  one  of  which  was  used  by  the  Agricultural  De- 
partment, as  an  experimental  garden,  and  subsequently  passed  under 
the  control  of  this  office.  It  has  been  only  partly  improved,  that  por- 
tion of  ground  south  of  the  main  roadway  having  been  graded  and 
drained,  soiled,  and  gas  and  water  pipes  introduced.  Walks  have  also 
been  laid  out  and  graveled,  lawns  sown  in  grass,  and  a  number  of  trees 
and  shrubs  planted.  The  ground  north  of  the  main  roadway  compris- 
ing the  largest  part  of  the  park  has  been  partially  graded  and  surfaced 
with  soil,  and  the  road-beds  of  some  walks  excavated.  The  embankment 
next  Sixth  street  has  been  sodded.  A  post  and -chain  fence  incloses  the 
reservation. 

The  further  and  final  improvement  of  this  park  should  be  completed 
as  early  as  practicable.  Its  close  proximity  to  the  Capitol  and  other 
large  improved  parks  makes  its  present  neglected  condition  particularly 
conspicuous. 

During  the  spring  such  labor  as  was  at  my  disposal  for  the  purpose 
has  been  employed  in  looking  after  the  lawns,  walks,  and  shrubbery,  but 
it  was  not  sufficient  to  ameliorate,  in  any  marked  degree,  the  condition 
of  the  ground. 

ARMORY    SQUARE,  BETWEEN    SIXTH    AND    SEVENTH    STREETS    WEST, 

AND  B  STREETS  NORTH  AND  SOUTH. 

This  reservation  has  received  considerable  improvement,  though  a  por- 
tion of  it,  in  plain  view  from  one  of  the  principal  streets  of  the  city,  still 
needs  draining,  sodding,  and  ornamentation. 

The  grading  of  a  greater  portion  of  the  ground  has,  however,  been 
completed,  water  and  gas  pipes  have  been  introduced,  lateral  and  main 
drains  laid  connecting  with  Seventh-street  sewer,  walks  and  roadways 
connecting  with  those  of  the  Smithsonian  grounds  laid  out  and  grav- 
eled, a  fountain  constructed,  lawns  set  in  grass,  and  the  ornamentation 
of  the  grounds  considerably  advanced;  seats  have  been  placed  on  some 
of  the  walks,  but  more  are  required.  The  grass  has  been  mown  several 
times  in  this  reservation,  paths  worn  in  the  sod  by  trespassers  have  been 
dug  up,  sown  with  grass-seed,  staked  and  wired,  and  a  portion  of  the 
lawn  destroyed  by  vehicles  hauling  specimens  from  the  Centennial  Ex- 
hibition to  the  Armory  building  repaired.  One  of  the  first  improve- 
ments should  be  the  grading  of  that  portion  of  the  ground  now  without 
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grass,  and  other  material  should  be  substituted  for  the  gravel  now  ou 
the  walks  and  roadways,  and  they  should  be  curbed  and  guttered,  and 
provided  with  proper  means  for  complete  surface  drainage.  The  lawns 
also  require  top-dressing. 

The  terrace  slope  on  Sixth  street  is  in  a  very  unsatisfactory  condition, 
the  earth  during  heavy  rains  washing  down  on  the  street- pavement. 
This  should  be  obviated  by  grading  and  sodding.  A  temporary  road- 
way, although  not  provided  for  in  the  original  plan,  should  be  con- 
structed from  B  street  south  to  the  Armory  building,  in  order  to  pre- 
vent future  damage  to  the  principal  drives  and  lawns  by  the  passage  of 
heavy  teams  to  the  building,  which  is  now  occupied  by  the  Smithsonian 
Institute.  Drinking  fountains  placed  on  the  main  walks  are  much 
needed,  and  a  watchman's  lodge  provided  with  suitable  conveniences 
would  prove  a  further  public  benefit 

SMITHSONIAN    GROUNDS   BETWEEN    SEVENTH    AND    TWELFTH    AND    B 

STREETS   NORTH  AND   SOUTH. 

This  reservation,  the  largest  under  the  control  of  this  office,  was  one 
of  fhe  first  parks  in  Washington  improved  and  planted,  and  is  one  of 
the  most  frequented  of  the  public  grounds.  Although  25  years  have 
elapsed  since  the  plans  for  its  improvement  were  submitted  and  approved, 
numerous  causes  combined  to  prevent  their  being  carried  out  to  com- 
pletion, so  that  even  now  much  remains  to  be  done  before  it  can  be  said 
to  be  in  a  finished  condition.  Among  the  gravest  of  these  were  its  loca- 
tion south  of  the  old  canal,  and  its  remoteness  from  the  principal  im- 
proved sections  of  the  city.  The  appropriations  made  for  its  care,  with 
some  exceptions,  have  not  sufficed  to  protect  the  large  area  of  this  park, 
over  52  acres.  There  are  but  two  watchmen  assigned  to  these  grounds, 
who  are  on  duty  at  night;  and  during  the  day,  with  the  exception  of  occa- 
sional visits  of  the  Metropolitan  police,  it  has  no  protection  whatever. 

In  1874  and  1875  the  southern  portion  of  this  park  was  graded  and 
drained,  water  and  gas  pipes  introduced,  and  walks  and  roadways  laid 
ont  as  nearly  in  accordance  with  the  original  plan  of  Mr.  Downing  as 
practicable.  The  northern  portion  of  the  grounds,  formerly  the  line  of 
the  canal,  was  also  improved  as  far  as  appropriations  for  that  purpose 
were  available.  Drains  were  laid,  and  gas  and  water  pipes  introduced, 
with  suitable  connections  for  irrigation,  &c.  Trees  and  shrubs  were 
planted,  and  a  number  of  settees  placed  in  position  for  the  accommoda- 
tion of  persons  visiting  the  park.  The  grass  of  the  whole  reservation 
has  been  mown,  cured,  and  stored,  for  the  use  of  the  public  animals 
belonging  to  the  works.  The  trees  and  lawns  also  received  the  usual 
attention  in  the  spring. 

To  complete  the  improvement  of  this  park  the  following  work  would 
be  necessary :  A  number  of  large  trees  of  rapid  growth  that  were  planted 
for  the  tilling  out  of  groups  until  trees  of  slow  growth,  now  overcrowded, 
attained  their  maturity,  should  be  removed,  as  also  other  trees  not  called 
for  by  the  plans.  The  main  portion  of  the  ground  originally  provided 
with  rubble  drains,  now,  from  various  causes,  choked  and  unservice- 
able, should  be  provided  with  tile  and  main  terracotta  pipe  drains  prop- 
erly located  aud  connected  with  street-sewers.  The  roadways  and  walks 
should  be  regraveled,  or  preferably,  coated  with  material  of  a  more  sub- 
stantial character,  properly  curbed  and  guttered,  and  thorough  provis- 
ions made  for  carrying  off  surface-water. 

In  the  original  plan  a  large  fountain  was  proposed  for  the  center  of 
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this  park.  A  lodge  provided  with  public  accommodations  is  much 
needed,  and  should  be  erected  in  some  suitable  locality  at  an  early  clay. 

The  lawu  grasses  are  in  a  great  many  places  worn  out  aud  should  be 
replaced;  and  where  necessary,  in  the  newly  laid  out  portions  of  the 
park,  ornamental  evergreens  and  deciduous  trees,  &c,  should  be  planted. 

The  approaches  to  the  main  roadway  on  Seventh  street  south  aud 
Tenth  aud  B  streets  north,  should  be  paved  with  Belgium  or  some  other 
suitable  pavement  and  curbed,  as  should  also  the  Seventh-street  en- 
trances to  Armory  Square.  Asphalt  foot- walks  from  Seventh^  Tenth,  and 
Twelfth  streets  should  be  carried  to  the  doors  of  the  Smithsonian  insti- 
tute, estimates  for  which  purpose  are  submitted  with  this  report. 

MONUMENT  GROUNDS  BETWEEN  FOURTEENTH  AND  SEVENTEENTH 
STREETS  WEST,  AND  B  STREETS  NORTH  AND  SOUTH. 

This  reservation  has  been  somewhat  improved,  although  much  further 
labor  will  be  required  to  properly  complete  the  plans  prepared  for  the 
grounds. 

Two  of  the  main  roadways  have  been  laid  out  and  partially  graveled, 
and  a  number  of  the  walks  required  by  the  plans  have  been  staked  out 
and  graveled.  The  grading  of  these  grounds  has  been  nearly  completed. 
The  marshes,  formerly  in  the  northern  portiou  of  the  park,  have  beeu 
partly  excavated  and  formed  iuto  lakes,  affording  a  water-surface  of 
nearly  12  acres,  their  margins  have  been  sodded  and  paved  to  prevent 
washings  and  to  preserve  outlines,  excepting  the  western  and  part  of 
the  northern  bank  of  the  western  lake,  which  could  not  be  fiuished 
owing  to  the  insufficiency  of  the  appropriation. 

Ripp's  Island,  in  the  western  lake,  has  been  planted  and  graded.  It 
is  the  design,  in  the  further  improvement  of  these  grounds,  to  construct 
rustic  bridges  connecting  the  island  with  the  main  roadways. 

Whenever  practicable,  trees  aud  shrubs  have  been  planted  in  these 
grounds;  but,  in  proportion  to  what  the  plans  call  for,  little  has  been 
done  in  this  direction. 

The  nursery  grounds  have  never  beeu  laid  out,  nor  have  the  resources 
of  the  garden  been  fully  developed.  The  ground,  lacking  improvement, 
should  be  supplied  with  drain  and  water  pipes,  and  with  walks  and 
roadways.  The  stock  of  trees  aud  plants  procurable  from  these  grouuds 
is  very  much  less  than  what  is  needed,  aud  the  nursery  cannot,  in  its 
present  condition,  furnish  more  than  a  third  of  the  young  trees  and  the 
larger  plants  that  will  be  required  next  year. 

During  the  year  40,000  small  plants  have  been  distributed,  of  which 
29,000  have  been  sent  out  since  the  3d  of  March  last.  A  larger  number 
can  be  distributed  hereafter  with  the  facilities  above  suggested.  The 
grounds  of  many  State  and  other  public  institutions  have  been  decorated 
with  plants  and  shrubbery  sent  out  from  this  nursery. 

These  houses,  designed  for  the  propagation  of  plants,  shrubs,  &c,  for 
the  public  parks,  generally  are  located  in  the  grounds  known  as  the 
Monument  Lot.  It  would  be  desirable  to  construct  an  additional  num- 
ber of  propagating  and  plaut  houses  here,  in  order  tQ  increase  the  facili- 
ties for  properly  planting  the  public  parks  for  summer-decorations. 

During  the  time  the  garden  has  been  under  my  charge,  the  work  of 
propagatiug  aud  cultivating  plants  and  shrubbery  has  been  carried  on 
with  diligence.  On  the  reservation  proper  the  grass  was  mowu,  but 
little  more  could  be  doue  on  accouut  of  its  extent  aud  unimproved  con- 
dition aud  lack  of  means  to  carry  forward  plans. 

The  improvements  recommended  for  this  park  are:  the  grading  and 
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draining  the  entire  ground ;  the  introduction  of  gas  and  water  where 
necessary ;  the  completion  of  all  the  roadways  and  walks  called  for  by  the 
plans  in  the  most  substantial  manner ;  the  soiling  and  sowing  with  grass- 
seed  of  all  the  lawn-surface,  and  the  planting  of  needed  ornamental 
shrubbery :  the  introduction  of  seats  on  the  walks,  and  of  drinking* 
fountains  connected  with  the  spring  that  supplies  the  lakes. 

Much  difficulty  has  been  experienced  in  keeping  out  of  sight  the  rank 
growth  of  aquatic  plants,  that,  springing  from  the  bottom  of  the  lakes, 
cover,  in  the  latter,  part  of  summer,  the  entire  surface  of  the  water. 
The  only  means  now  available  for  keeping  them  out  of  sight  is  to  mow 
them  repeatedly  as  far  beneath  the  surface  as  practicable,  and  even  this 
measure  is  of  but  temporary  advantage.  The  lake-bottoms  should  be 
excavated  to  a  proper  depith.  The  western  lake  should  be  outlined, 
paved,  and  sodded.  It  is  also  submitted  that  it  would  greatly  promote 
the  general  effectiveness  of  the  park  to  prolong  Virginia  avenue  to  Sev- 
enteenth street  west,  and  to  inclose  as  a  third  lake  a  portion  of  marsh- 
land lying  south  of  the  liue  of  the  avenue  and  between  the  points  formed 
by  the  southwest  angle  of  the  Monument  grouuds  and  the  foot  of  Seven- 
teenth street,  dredgiug  the  same  to  a  suitable  depth,  leaving  sufficient 
land  between  the  lake-bed  and  river  for  a  roadway  and  trees,  the  more 
effectually  to  divide  the  inclosed  from  the  larger  body  of  water  south 
of  it. 

The  embankment  on  the  river-front  of  these  grounds  during  freshets 
and  high  tides  is  constantly  being  undermined.  If  means  tor  the  im- 
provement of  this  portion  of  the  grounds  were  forthcoming,  much  fu- 
ture damage  would  be  prevented.  A  low  stone  wall  or  riprap  to  above 
high-water  and  grading  and  sodding  the  embankment  above  it  would 
effectually  preserve  this  trout  at  a  comparatively  small  cost.  The  actual 
outlines  of  the  water-front  of  these  grounds  present  a  concave  liue  with 
several  deep  indentations,  while  in  the  surveys  made  twenty-five  or  thirty 
years  ago  the  outline  was  distinctly  convex,  with  but  one  large  indenta- 
tion ;  which  illustrates  how  rapidly  the  river  is  encroaching  upon  the 
bank  8. 

EESERVATIONS  OF  PENNSYLVANIA  AVENUE. 

The  small  triangle  at  the  intersection  of  Twenty-sixth  street  and 
Pennsylania  avenue  has  beeu  inclosed  with  a  neat  iron  railing,  graded, 
sodded,  and  planted  with  a  variety  of  ornamental  trees  and  shrubs. 
Besides  these,  an  ornamental  vase  for  flowering  plants  should  be  placed 
iu  the  inclosure. 

The  reservation  on  the  south  side  of  Pennsylvania  avenue,  between 
Twentieth  aud  Twenty-first  streets,  has  been  graded,  walks  laid  out, 
graveled,  and  concreted,  and  a  fountain-basin  constructed  of  brick-work 
lined  with  Portland  cement,  and  all  necessary  pipes.  This,  combined 
with  the  general  effect  produced  by  well-kept  lawns,  ornamental  shrubs, 
and  flowering  plants,  makes  this  small  park  an  attractive  place  of  re- 
sort for  neighboring  inhabitants  aud  pedestrians.  It  is  inclosed  with  a 
post-and-chain  fence  partly  supported  by  four  lampposts,  and  has  a 
drinking-fouutain  at  one  end.  Ornamental  iron  vases  placed  iu  this 
park  would  have  an  additional  attraction. 

The  reservation  on  the  opposite  (north)  side  of  the  avenue  has  been 
inclosed  with  an  iron  railing  set  in  a  heavy  granite  coping.  The  lawns 
are  below  grade  and  in  bad  condition,  have  no  paths  through  them, 
and  the  trees  are  of  unsuitable  character,  and  too  thickly  planted.  It 
militates  against  the  attractiveness  of  the  opposite  reservation,  and 
should  be  improved  to  correspond  to  it,  aud  throwu  open  to  the  public. 
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The  improvement  of  the  triangle  on  the  south  side  of  the  Avenue, 
between  Eighteenth  and  Nineteenth  streets,  has  been  nearly  completed. 
The  plan  adopted  was  similar  to  the  design  of  the  reservation  on  the 
south  side  of  the  Avenue,  before  described,  excepting  the  fouutain-basiu, 
which  is  of  rock-work,  with  pockets  on  the  margin  of  the  basin,  and  the 
center  of  the  rock-pyramid  for  semi-aquatic  plants.  It  has  a  large  War- 
wick vase,  filled  with  flowering  and  foliage  plants,  and  rustic  seats  for 
the  accommodation  of  visitors. 

The  triangle  on  the  opposite  (north)  side  of  the  avenue  has  been  only 
partially  improved.  It  has  been  graded,  water-pipes  introduced,  the 
lawn  set  iu  grass,  ornamental  trees  and  shrubs  planted,  the  walks 
graveled,  and  the  reservation  inclosed  with  a  postand-chain  fence.  A 
circular  space  is  left  in  center  for  a  fountain.  The  walks  are  provided 
with  seats. 

The  reservations  on  Pennsylvania  Avenue  between  Thirteenth  and 
Fourteenth  streets,  located  as  they  are  in  a  prominent  business  part  of 
the  city,  should  be  representatives  of  our  small  parks.  They  now  pre- 
sent, however,  a  neglected  appearance,  and  by  no  means  favorably  com- 
pare with  parks  of  similar  character  that  have  been  recently  improved. 

To  suitably  improve  them,  the  grounds  should  be  thoroughly  trenched, 
drained,  regraded,  manured,  and  set  in  lawn-grass.  Walks  should  be 
laid  out  aud  supplied  with  seats,  and  water  introduced.  Fountains, 
vases,  and  flower-beds  would  add  to  the  attractiveness  of  these  parks, 
and,  where  required,  ornamental  evergreens  aud  flowering  shrubs  should 
be  planted. 

During  the  spring,  the  small  triangular  reservation  at  the  intersection 
of  Pennsylvania  avenue  aud  Seventh  street  was  partly  improved.  Park- 
curbing  was  placed  around  this  reservation,  the  fence  was  straightened, 
the  trees  were  trimmed,  and  lawns  resodded  where  required.  A  few 
flowering  trees  and  shrubs  and  a  vase  for  flowers  should  be  introduced. 

The  reservations  on  New  York  avenue  and  Thirteenth  street,  on  New 
York  avenue  and  Twelfth  street,  and  New  York  avenue  aud  Tenth 
street,  have  been  inclosed  and  partially  improved.  In  the  latter  a 
fountain  has  been  introduced,  the  waste-pipes  of  which  are,  however, 
out  of  repair.  The  triangle  at  the  intersection  of  New  York  avenue 
and  Sixth  street  is  occupied  by  the  Abbott  school-building.  That  at 
the  intersection  of  the  New  York  avenue  and  First  street  has  not  been 
improved. 

Of  the  reservations  of  Massachusetts  avenue,  the  one  at  Twentieth 
street  has  not  been  improved.  Those  at  the  junction  of  Massachusetts 
and  Rhode  Island  avenues,  (east  and  west  of  the  equestrian  statue  of 
General  Scott,)  have  been  graded,  soiled,  sown  in  grass,  and  suitable 
trees  and  shrubs  introduced,  care  having  been  takeu,  in  planting,  that 
they  should  not  obstruct  the  views  of  the  statue  from  the  avenues  and 
streets.  The  open  spaces  in  the  centers  were  designed  for  flower-beds, 
and  ornamental  iron  vases  should  be  placed  in  them  for  flowering 
plants.  These  reservations  have  not  been  drained,  neither  water  nor 
waste  pipes  have  been  introduced,  the  surface-soil  is  not  more  than  6 
inches  deep,  and  they  require  aunual  top-dressing  to  keep  the  turf  in 
good  conditiou.    They  have  been  inclosed  with  post-and-chaiu  fences. 

The  small  circle  at  the  base  of  the  Scott  statue  has  been  graded  to 
form  a  mound,  drained,  water-pipe  connections  with  good  globe-valve 
attachments  had  with  the  main  running  through  the  circle;  four  orna- 
mental evergreens  and  flower-beds  planted;  park  curbing  and  a  brick 
gutter,  with  traps,  have  been  placed  around  the  margin  of  the  mound, 
which  is  further  improved  by  a  flag-pavement. 
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The  triangles  on  Massachusetts  avenue  between  Tenth  and  Twelfth 
streets  have  been  improved.  When  the  trees  and  shrubs  introduced 
some  years  ago  are  fully  grown,  and  some  further  minor  improvements 
made,  they  will  be  very  attractive.  They  are  already  inclosed  with 
X?ost-andchain  fences,  are  supplied  with  drinking-foun  tains  and  seats, 
snd  ornamental  iron  vases ;  which  latter,  however,  should  be  increased 
iu  number.  In  improving  these  triangles,  provision  was  made  for  the 
introduction  of  fountains. 

The  tiangle  on  Massachusetts  avenue  and  Sixth  street  has  beeu  in- 
closed with  a  light  wrought-irou  railing,  graded,  set  in  grass,  and  sup- 
plied with  ornamental  trees  and  shrubbery.    It  should  be  further  im- 
proved by  a  fountain,  vases,  and  walks. 

The  small  triangular  reservations  on  Massachusetts  avenue  between 
Third  and  Fourth  streets,  have  been  inclosed,  soiled,  sodded,  and  supplied 
with  trees.  These  triangles  were  improved  by  the  District  government 
and  subseqently  turned  over  to  this  office.  Further  improvements  should 
consist  in  the  introduction  of  vases  for  flowering  plants,  and  the  loca- 
tion of  a  drinking-fountain  at  the  apex  of  one  of  the  triangles. 

The  following  reservations  have  not  been  improved;  a  number  of  them 
are  above  grade,  and  nearly  all  are  at  present  street  surfaces : 

New  Jersey  avenue  and  Second  street  east. 

Delaware  avenue  and  Second  street  west. 

Delaware  avenue  and  First  street  east. 

Maryland  avenue  and  Third  street  east. 

"Virginia  avenue  and  Fourth  street  southwest. 

Virginia  avenue  and  Eighteenth  street  west. 

Virginia  avenue  and  Twenty-fourth  street  west. 

Virginia  avenue  and  Twenty-fifth  street  west. 

Virginia  avenue  and  Fourth  street  east. 

Virginia  avenue  and  Ninth  street  east. 

Virginia  avenue  and  Twelfth  street  east. 

South  Carolina  avenue  and  Fourth  street  east. 

South  Carolina  avenue  and  Sixteenth  street  east. 

Georgia  avenue  and  One-half  street  west — two  triangles. 

Georgia  avenue  and  Second  street  west — two  triangles. 

Georgia  avenue  and  One-half  street  east — two  triaugles. 

Georgia  avenue  and  Ninth  street  east. 

Georgia  avenue  and  Eleventh  street  east. 

Georgia  avenue  and  Seventeenth  street  east. 

Water  street  and  One-half  street  west. 

Water  street  and  Fourteenth  street  east. 

Water  street  and  Fifteenth  street  east. 

South  Capitol  street  and  I  street  south. 

South  Capitol  street  and  E  street  south. 

First  Btreet  west  and  D  street  south. 

Firat  street  west  and  L  street  south. 

First  street  west  and  II  street  south. 

Sixth  street  went  and  N  street. south. 

And  other  reservations  not  yet  passed  to  the  control  of  this  office  from 
the  District  government. 

I  have  heretofore  referred  to  the  desirability  of  replacing  the  preseut 
gravel  walks  with  material  of  a  more  suitable  character,  such  as#oni' 
pose  asphalt  pavement,  or  the  many  varieties  of  artificial  stone.  Its 
first  cost  is  greater,  but  when  the  labor  annually  expended  in  repairing 
washes  and  in  keeping  walks  free  of  weeds  and  grass,  and  the  fact  that 
with  a  smooth,  unyielding  surface,  dry  all  times,  the  gravel  offering 
every  temptation  for  pedestrians  to  walk  upon  and  destroy  the  grass- 
borders,  are  considered,  it  is  very  patent  that  the  Government  would 
annually  save  large  sums  by  the  substitution.  Experience  has  demon- 
strated the  impossibility  of  preventing  persons  frequenting  paths  from 
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destroying  the  sod  in  the  vicinity  of  seats  which,  if  placed  upon  semi- 
elliptical  spaces  ou  the  sides  of  walks,  would  obviate  this  grave  objec- 
tion of  seats  in  public  grounds. 

Siuce  I  assumed  charge  of  this  office  neither  the  Chain  nor  Navy-Yard 
bridges  have  needed  much  repair.  The  Chain  Bridge  will  soon  require 
an  entire  new  floor,  and  the  entire  work  painting.  Au  estimate  of  the 
cost  of  this  work  is  submitted. 

.  Permission  has  recently  been  given  the  Washington  and  Georgetowu 
Gas  Company  to  lay  a  main  over  the  Navy- Yard  Bridge,  in  order  that  gas 
may  be  introduced  into  Unioutown.  The  approaches  to  that  bridge  are 
in  a  bad  condition,  and  will  receive  immediate  attention  to  the  exteut  of 
the  limited  appropriation  available  for  their  repair. 

Eleventh  street,  near  the  bridge,  has  a  considerable  declivity,  down 
which,  after  severe  or  long-continued  rains,  large  bodies  of  water  And 
their  way  to  the  abutments  of  the  bridge,  aud  thence  into  the  river, 
ofceu  overflowing  the  sides  of  that  structure.  The  street  has  not  the 
proper  sewer  facilities  for  carrying  off  surface-water,  and  the  approaches 
to  the  bridge  are,  therefore,  continually  endangered. 

The  attention  of  the  city  authorities  has  been  called  to  the  absence  of 
sewerage  in  this  street,  and,  it  is  believed,  will  give  the  subject  due 
attention.  The  riprap  approach  to  the  bridge  at  its  northern  end  is 
gradually  sinking  into  the  mud  upon  which  it  was  constructed,  and  will 
hereafter  necessitate  the  making  of  considerable  repairs. 

I  understand  that  the  planking  on  one  side  of  the  upper  Navy-Yard 
(Beuuing's)  Bridge  was  relaid  about  a  year  ago.  That  ou  the  other  side 
will  shortly  be  taken  up  and  new  planking  substituted. 

The  spring  pipe  supplyiug  the  Capitol  is  in  good  condition,  except 
about  600  feet,  which  has  just  become  damaged,  aud  which  will  be  imme- 
diately repaired.  Measures  have  been  taken  to  regulate  the  flow  of  water 
into  the  pool  on  the  east  front  of  the  Capitol,  so  that  what  has  heretofore 
been  wasted  can  be  used  to  supply  the  steam-boilers  in  the  building. 
During  the  summer  the  spring  was  thoroughly  cleaned  and  whitewashed, 
as  was  also  the  fence  surrounding  it. 

So  much  of  the  line  of  pipe  running  from  the  spring  in  Franklin  Square 
as  supplies  the  President's  House  is  in  good  repair;  that  running  to  the 
War  aud  Navy  Departments  is  not  in  good  condition,  and  a  portion  of 
it  must,  of  necessity,  be  taken  up.  The  cisterns  on  this  line  have  been 
thoroughly  cleaned,  and  new  pumps  placed  over  each. 

The  Departmental  Telegraph  line  has  been  in  working  order  ever  since 
I  assumed  charge  of  this  office.  Estimates  for  increased  appropriations 
for  this  line  are  submitted  because,  while  perhaps  sufficient  to  keep  in 
repair  the  one  wire  now  in  use,  the  exigencies  of  the  service  might  at 
any  time  demand  the  equipment  of  another  of  the  three  lines,  which 
could  not  be  done  with  the  means  at  my  disposal. 

CONCLUDING  REMARKS. 

The  public  grounds  in  charge  of  this  office  are  over  200  acres  fn 
exteut,  and  require  constant  attention.  The  same  labor  aud' care  be- 
stowed upon  the  parks  and  improved  squares  of  other  cities  must  be 
bestowed  upon  like  grounds  in  this  city,  or  they  will  very  rapidly  fall 
into  disorder,  and  become  blemishes  rather  than  ornaments  to  the  city 
and  desirable  resorts  for  its  inhabitants.  A  force  of  not  less  than  50 
men  should  be  kept  steadily  at  work  from  the  1st  of  March  to  the  1st  of 
November,  and  20  men  from  the  1st  of  November  to  the  1st  of  March. 
Such  a  force  of  skilled  men  would  very  shortly  effect  a  radical  change 
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in  the  appearance  of  the  improved  grounds,  and  add  to  the  number  of 
improved  reservations. 

It  is  a  difficult  matter  to  preserve  the  finer  kinds  of  lawn  grasses  in 
th'8  latitude,  and  only  constant  manuring,  watering  in  dry  weather, 
under-drainiug,  and  careful  attention  to  prevent  the  growth  of  weeds 
and  wild  grasses  will  accomplish  the  desired  end.  Larger  appropria- 
tions for  fertilizing  substances  are  recommended. 

Each  of  the  larger  parks,  containing  lodges,  fountains,  flower-beds, 
and  statues,  should  have  keepers.  They  could  not  only  guard  the 
property  and  improvements,  but  could  also  make  minor  repairs  to  the 
walks  and  grounds. 

ESTIMATE  OF  AMOUNTS  REQUIRED   FOR  THE    FISCAL  YEAR  ENDING  JUNE  30,   1879. 

Salaries  of  employe's,  Public  Buildings  and  Grounds,  under  Chief  of  Engineers  : 

1  clerk §1,400 

1  messenger . 840 

1  public  gardener , 1,800 

1  draughtsman 1,  800 

1  foreman  and  laborers  employed  in  the  public  grounds 35,000 

1  furnace  keeper  at  the  Executive  Mansion 8fi4 

1  night  watchman  at  the  Executive  Mansion 1..  900 

1  night  usher  at  the  Executive  Mansion 1,200 

2  day  ushers  at  the  Executive  Mansion 2,400 

2  doorkeepers  at  the  Executive  Mansion 2,400 

2  drawkeepers  at  the  Navy- Yard  and  upper  bridges 1,440 

1  watch  in  a  u  for  Franklin  Square ; 720 

1  watchman  for  Lafayette  Square 720 

4  watchmen  for  reservation  No.  2,  (Smithsonian  grounds,)  at  $720 

each 2,880 

1  watchman  for  Judiciary  Square 720 

1  watchman  for  Lincoln  Square 720 

1  watchman  for  Fourteenth  and  Thirteenth  streets  circles  and  neigh- 
boring reservations COO 

1  watchman  for  McPhersou  and  Farragut  Squares  and  neighboring 

reservations 600 

1  watchman  for  Rawlins  Square  and  neighboring  reservations 000 

1  watchman  for  Washington  Circle  and  neighboring  reservations  ..  600 

1  bridgekeeper  at  Chain  Bridge 720 

1  watchman  at  propagating  garden 600 

$C9,C24 

Contingent  expenses,  public  buildings  and  grounds,  under  Chief  of  En- 
gineers    1 . 000 

For  reut  of  office,  public  buildings  and  grounds 900 

Improvement  and  care  of  Public  Buildings  and  Grounds  in  and  around 
Washington : 

Filling  in  and  improving  grounds  south  of  Executive  Mansion $15, 000 

Ordinary  care  and  extension  of  the  greenhouses  and  the  nursery. . .  3, 000 

Ordinary  care  of  Lafayette  Square 2,000 

Ordinary  care  of  Smithsonian  grounds 5, 000 

Care  and  improvement  of  reservation  No.  3,  monument  grounds  .. .  10, 000 

Annual  repair  of  fences 2,000 

Manure  and  hauling  the  same H,  000 

Painting  iron  fences 2,000 

Purchase  and  repair  of  seats • 4,500 

Parchase  and  repair  of  tools 1,000 

Trees,  tree-stakes,  lime,  whitewashing,  and  stock  for  nursery 5, 000 

Removing  snow  and  ice 1, 000 

Flower-pots,  twine,  baskets,  lycopodium,  &c 1,000 

Abating  nuisances ■  500 

Care  and  repairs  to  fountains  iu  the  public  grounds 2, 000 

Improving  Stanton  Place 10,000 

Continuing  improvement  of  Armory  Square 8,000 

Improvement  of  reservation  between   Four-and-a-half  and  Sixth 

streets 10,000 
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Continuing  improvement  of  Seward  Place $5,000 

Improving  various  reservations i 20, 000 

Inclosing  circle  at  Massachusetts  and  New  Jersey  avenues  with  irou 

fence,  and  improving  the  same 3,000 

Commencing  improvement  of  reservation  No.  17 20,000 

Asphalting  walks  in  the  Smithsonian  grounds 4, 500 

For  remodeling  of  Fourteenth-street  circle 5,000 

Repairs,  fuel,  &c,  Executive  Mansion  : 

Repairs  of  Executive  Mansion 10,000 

Refurnishing  the  Executive  Mansion 10,000 

Fuel  for  the  Executive  Mansion  and  the  greenhouses 3,000 

Care  of  and  necessary  repairs  to  the  greenhouses 6,  000 

Care  aud  repair  of  bridges : 

Ordinary  care  of  Benning's,  Anacostia,  and  Chain  bridges,  including 

fuel,  oil,  lamps,  matches,  &c 1,200 

For  replanking  Chain  Bridge 2, 500 

For  extensive  repairs  to  Beuning's  Bridge 2,500 

For  raising  embankments  of  Anacostia  Bridge  and  ri propping  piers 

and  abutments 3,000 


For  lighting  the  Executive  Mansion  and  Public  Grounds,  and  fuel  for 
watchmen's  lodges  aud  for  greenhouses  in  the  nursery: 

Gas,  pay  of  lamp-lighters,  gas-fitters,  plumbers,  plumbing,  lamps,  lamp- 
posts,  matches,  and  repairs  of  all  kinds;  lamps  for  Anacostia  Bridge,  fuel 
for  the  watchmen's  lodges  and  for  the  greenhouses  iu  the  nursery 

Repair  of  water-pipes  and  fire-plugs : 

Repairing  and  extending  water-pipes;  purchase  of  apparatus  to  clean  them, 
and  for  cleaning  the  springs  aud  repairing  and  renewing  the  pipes  of  the 
same  that  supply  the  Capitol,  the  Executive  Mausiou,  and  the  War  and 
Navy  Departments - 

Telegraph  to  connect  the  Capitol  with  the  Departments  and  the  Gov- 
ernment Printiug-Office : 

For  repair  and  care  of  the  same 


$147,500 


29,000 


9,200 


20,000 


10, 0C0 


1,000 


Financial  statement,  fiscal  year  ending  June  30, 1877. 


Title  of  appropriations. 


Salaries  of  employes,  Publio  Bui  Mings  and  Grounds. 
Contingent  expenses  office  Public    Buildings   aud 

grounds 

Improvement  and  care  of  Public  Grounds 

Repairs,  fuel,  &c,  Executive  Mansion 

Lighting,  &c,  Executive  Mansion 

Repairs  of  water*pipes  and  tire-phi gs 

Repairs  ot  Navy- Yard  and  Upper  bridges  '. 

Telegraph  to  connect  Capitol  with  Departments,  &c. 

Pedestal  for  Thomas  statue 

Improvement  and  care  of  public  grounds,  (Judiciary 

Square.) 
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$34, 169  51 

500  00 

30,000  00 

I7.OU0  00 

19, 000  00 

5.000  00 

1,000  00 

500  00 

25,000  00 

2,000  00 
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131,310  24 

449  30 

23,116  23 

12,  880  8a 

12,  918  75 

4,  3*8  46 

284  00 

463  75 
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$13, 165  25 

50  70 

6, 881  77 

4, 119  15 

6,081  25 

611  54 

716  00 

36  25 

25,  000  00 

2,000  00 
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$12, 390  48 

50  70 

6,881  65 

4,119  04 

5, 912  57 

611  54 

100  18 

36  10 

255  70 

25  33 


Very  respectfully,  your  obedient  servant, 

Thos.  Lincoln  Casey, 
Lieutenant- Colonel  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  S.  A. 
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KK3. 

[washington  aqueduct. 

Office  of  Washington  Acqueduct, 

Georgetown,  D.  C,  July  14,  1877. 

General  :  I  have  the  honor  to  submit  the  following  report  of  opera- 
tions upon  the  Washington  Aqueduct  for  the  fiscal  year  ending  June 
30,  1877. 

This  work  was  in  charge  of  Col.  O.  E.  Babcock,  Corps  of  Engineers, 
until  March  3,  1877,  at  which  date  I  was  ordered  to  relieve  him. 

During  the  month  of  July,  1876,  the  work  done  was  limited  to  the 
supervision  of  the  distribution  of  Potomac  water  iu  the  conduits,  reser- 
voirs, and  pipes. 

On  the  31st  of  July  an  appropriation  was  made  by  Congress  for  the 
fiscal  year  ending  June  30,  1877,  as  follows  : 

For  engineering,  maintenance,  and  repairs $H,  000  00 

For  repairs  of  Georgetown  reservoir 4, 000  00 

The  work  done  under  this  appropriation  has  been  done  by  day's  work, 
and  the  materials  used  have  been  purchased  in  open  market. 

In  August  repairs  were  made  to  the  Potomac  dam  by  replacing  the 
ripraps  which  had  been  washed  over  the  dam  by  freshets. 

At  the  receiving-reservoir  the  wooden  bridge  over  the  waste  channel 
was  repaired,  a  new  floor  was  laid,  decayed  timber  was  removed  from 
the  trestles  and  sound  timber  substituted.  The  ditches  along  the  con- 
duit between  the  receiving  and  distributing  reservoirs  were  cleaued 
out,  and  the  embankments  over  the  conduit  were  repaired.  At  the 
distributing-reservoir  the  cast-iron  cornices  of  the  gatehouses  were 
painted.  At  Georgetown  repairs  were  commenced  in  the  high-service 
reservoir. 

In  September  the  embankments  over  the  conduit  between  Great 
Falls  and  the  receiving-reservoir  were  repaired  where  they  had  been 
washed  by  the  rain,  and  at  Georgetown  repairs  to  the  high-service  reser- 
\oir  were  continued. 

In  October  repairs  were  again  made  to  the  Potomac  dam,  a  freshet 
in  the  river  having  carried  away  a  part  of  the  riprap  backing,  and  re- 
pairs to  the  high-service  reservoir  were  finished.  This  reservoir  had 
not  been  in  service  since  December,  1875,  when  a  leak  was  discovered 
in  the  bottom,  and  the  water,  in  consequence,  emptied  out.  The  repairs 
were  commenced  as  soon  as  Congress  made  an  appropriation  therefor, 
and  they  were  completed  on  the  6th  of  October. 

The  work  done  consisted  in  recalking  the  joints  of  the  supply-main, 
cutting  out  cracks  in  the  concrete  bottom,  filling  them  with  mortar,  and 
covering  the  entire  bottom  with  hydraulic  concrete  from  9  to  16  inches 
in  depth. 

As  soon  as  the  repairs  were  done  this  reservoir  was  filled  with  water 
to  a  depth  of  16  feet ;  since  then  it  has  been  iu  constant  use  and  has 
not  leaked.  The  ornamental  cast-iron  cornice  surmounting  the  dome 
and  the  wrought-irou  fences  on  Road  and  High  streets  were  thoroughly 
painted,  and  the  cornice  was  sanded. 

In  November  the  Macadam  road  over  the  conduit  was  repaired  and 
the  ditches  were  cleaned  out.  At  Georgetown  the  floor  of  Rock  Creek 
Bridge  was  repaired. 

~In  December  a  leak  occurred  i n  the  30-inch  maiu  a  short  distance 
from  the  distributing-reservoir.    The  water  was  shut  off  from  the  main, 
69  B 
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the  joint  was  repaired,  aud  the  pipe  was  also  banded.  At  the  Teceiving- 
reservoir  a  2  iuch  pipe  was  laid,  connected  with  a  spring  and  a  forcing- 
pump,  for  the  purpose  of  supplying  the  gate-keeper's  dwelling  with 
water. 

In  January  stone  was  broken  and  used  on  the  repairs  of  the  conduit 
road.  At  the  receiving-reservoir  a  channel  for  boats  was  cut  through 
the  ice  from  the  floor  to  the  sluice-tower  and  kept  open  during  cold 
weather.  In  Georgetown  the  snow  was  cleaned  off  the  pavements  of 
High  and  Eoad  streets,  in  front  of  the  high-service  reservoir,  and  of 
Aqueduct  street  in  front  of  the  aqueduct  office. 

From  the  20th  to  the  27th  of  January  permission  was  given  to  the  offi- 
cers of  the  Signal  Bureau  to  use  the  Washington  Aqueduct  telegraph 
during  the  time  that  the  ice  was  breakiug  up  in  the  Potomac  River  at 
Harper's  Ferry  and  Great  Falls. 

In  February  the  embankmeut  over  culvert  No.  18  was  repaired;  the 
roadway  over  the  conduit  was  also  repaired.  At  Great  Falls  the  con- 
tractor for  building  an  iron  truss-roof  and  galvanized-iron  cornice  ou 
the  gate-house  finished  his  work.  The  contract  for  the  roof  and  cornice 
had  been  entered  iuto  with  Messrs.  Asa  Snyder  &  Co.,  of  Richmond, 
Va.,  during  the  previous  fiscal  year. 

The  following  is  a  financial  statement  to  March  3,  1877  : 

TITLES  OF  APPROPRIATIONS. 

Act  of  March  3,  1875. 

For  building  iron  truss-roof  on  gate-house  at  Great  Falls: 

Available  July  1,  1876 $2,947  50 

Expended  in  1876  and  1877 2,947  50 

Act  of  July  31,  1876. 

Repairs  of  Georgetown  reservoir : 

Available  July  31,  1876 * $4,000  00 

Expended  to  March  3,  1877 4,000  00 

Engineering,  maintenance,  and  repairs  : 

Available  July  31,  1876 18,000  00 

Expended  to  March  3,  1877 10,181  49 

Available  March 3, 1877 7,818  51 

The  above  balance  has  been  expended  as  follows : 

In  March  the  iron-work  of  the  gate-house  roof,  and  cornice  at  Great 
Falls  was  partially  painted. 

At  the  distributing-reservoir  the  cast-iron  mains,  stand-pipes,* and 
stop-cocks  in  the  pipe-vault  were  thoroughly  painted. 

In  April,  at  Great  Falls,  the  fences  around  the  Government  lands 
were  lime- washed,  and  the  painting  of  the  iron-work  of  the  gate-house 
was  continued.  Between  Cabin  John  Bridge  and  the  receiving-reser- 
voir stones  were  broken  for  the  repairs  of  the  concrete  foundation  of 
culvert  No.  8.  At  the  distributing-reservoir  the  fences,  the  pipe- vault, 
and  the  interior  of  the  gate-houses  were  lime-washed.  In  Georgetown 
the  wooden  fences  at  the  high-service  reservoir,  and  the  gallery  nnder 
the  reservoir,  were  lime-washed. 

At  the  Washington  Aqueduct  office  the  sills  of  the  building  were 
underpinned,  and  foundations  were  excavated  preparatory  to  building 
brick  walls  under  the  entire  building ;  it  had  been  ascertained  that  the 
wooden  posts  that  supported  the  building  were  much  decayed. 
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The  stop-cocks  on  the  United  States  mains,  from  the  distributing- 
reservoir  to  the  Navy- Yard,  were  cleaned  and  oiled,  and  the  large  vaults 
were  lime- washed. 

Id  May  the  painting  of  the  gate-house  roof  and  cornice  at  Great  Falls 
was  finished.  The  embankments  over  the  conduit  at  culverts  Nos.  2 
and  3  were  repaired  and  widened,  and  the  bottom  of  culvert  No.  8  was 
repaired  with  hydraulic  concrete. 

At  culvert  No.  13  the  embankment  was  repaired  and  partly  widened. 
At  Cabin  John  Bridge  the  cut-stone  parapets  and  coping  were  partially 
repointed  with  cement-mortar.  In  the  tunnel  leading  to  a  waste-weir 
in  tuunel  No.  4  the  wooden  beams  that  supported  the  foot-way  were 
removed  and  iron  beams  were  set  in  their  place. 

The  culverts  along  the  aqueduct  were  examined  and  the  channels  of 
the  streams  were  cleaned  out.  The  embankment  over  culvert  No.  23 
*as  repaired  and  partly  widened.  At  the  distributing-reservoir  the  li  rue- 
washing  of  the  fences  and  gate-houses  was  finished  and  the  roadway 
over  the  pipe-line  was  repaired.  In  Georgetown,  at  the  high-service 
reservoir,  the  lime-washing  of  the  fences  and  gallery  was  finished. 
Brick  walls  were  built  under  the  sills  of  the  aqueduct  office,  and  the 
down-spouts,  water  and  drain-pipes  were  repaired.  The  old  wooden 
stairs  leading  from  the  street  to  the  grounds  below  were  removed  and 
Dew  ones  built  in  their  place. 

Id  June,  at  Great  Falls,  the  Potomac  was  shut  off  from  the  aqueduct, 
and  the  feeder  to  the  aqueduct  extending  from  the  Potomac  dam  to  the 
gate-house  was  thoroughly  cleaned. 

The  repairing  and  widening  of  the  embankment  over  culvert  No.  13 

was  finished.    At  Cabin  John  Bridge  the  repointing  of  the  cut-stone 

parapets  and  coping  was  finished,  and  the  coping,  where  necessary,  was 

reset.    The  cut-stone  parapets  and  coping  of  Griffith  Park  Bridge  were 

also  repointed  and  the  coping  reset. 

At  the  receiving-reservoir  the  telegraph-line  was  repaired  and  new 
poles  set.  The  ditches  along  the  conduit  road  were  cleaned  out,  and 
several  washes,  made  in  the  new  embankments  by  the  rain,  were  re- 
filled. 

At  tunnel  No.  4  the  old  foot-way  leading  to  the  waste-weir  was  re- 
moved and  a  new  one  was  built  in  its  place. 

At  the  distributing-reservoir  repairs  were  made  to  the  embankments 
where  they  had  been  washed  by  the  rain.  At  Foundry  Branch  the  over- 
fall over  the  pipe-line  was  repaired  with  stone. 

In  Georgetown,  in  the  basement  of  the  aqueduct  office,  the  floors  were 
paved  with  red  bricks,  the  walls  were  lime-washed,  and  the  doors  and 
windows  were  painted. 

On  June  25  the  conduit  was  shut  off  from  the  distributing-reservoir, 
and  remained  off  for  24  consecutive  hours.  The  elevation  of  the  water- 
surface  of  the  reservoir  was  recorded  each  hour,  and  the  quantity  of 
water  drawn  from  the  reservoir  during  the  24  hours  was  as  follows : 

#  Gallons. 

Jane  25,  from  6  a.  m.  to  6  p.  ra 12,148,253 

Jane  25  and  Jane  26,  from  6  p.  m.  to  6  a.  m 11,104,679 

Total  quantity 23,252,932 

Last  year  the  quantity  consumed  from  12  m.,  June  23,  to  12  m.,  June 
24,  was  24,177,797  gallons. 

Each  month  during  the  year  the  outlets  on  the  United  States  mains 
were  opeued,  the  mains  flushed,  aud  the  general  distribution  of  Po- 
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tomac  water  iu  the  conduits,  reservoirs,  and  pipes  was  properly  at- 
tended to. 

Since  taking  charge  of  this  work  means  have  been  devised  for  com- 
paring and  recording  the  clearness  of  the  water  at  Great  Falls,  the  re- 
ceiving and  the  distributing  reservoirs.  The  observations  are  taken 
each  day,  and  furnish  data  to  guide  in  the  management  of  the  flow  of 
the  water  into  the  reservoirs  and  mains,  and  will  be  of  service  in  future 
studies  looking  to  the  filtration  or  clarification  of  the  water  during  the 
muddy  stages  of  the  Potomac. 

The  estimates  for  which  appropriations  should  be  made  for  the  next 
fiscal  year  are  as  follows: 

For  engineering,  maintenance,  and  general  repairs $20,000  0ft 

For  commencing  the  construction  of  the  dam  at  Great  Falls  across  the 
Virgioia  channel  of  the  Potomac 50,000 

For  improving  grounds  around  gate-keeper's  dwelliug  at  the  receiving- 
reservoir 1,000  (y 

For  building  wooden  fence  around  the  Government  land  at  the  receiving- 
reservoir 7,000 

For  soiling,  sodding,  and  seeding  the  embaukment  and  excavation  slopes 
of  the  distributing-reservoir , 15,000 

For  building  a  wrought-iron  truss-bridge  over  the  waste-channel  at  the 

receiving-reservoir 11,000 

For  building  au  over-fall  over  the  connecting-conduit  for  the  waste-chan- 
nel of  the  rtceiving-reserv<  ir 2,000 

For  continuing  the  macadamizing  of  the  conduit  road 10, 000 


Total 116,000 

The  following  is  a  financial  statement  for  the  fiscal  jear  endiug  Juo< 
30, 1877 :  x 

TITLES  OF  APPROPBIATIONS. 

Act  of  March  3.  1875. 

For  building  iron  truss-roof  on  gate-house  at  Great  Falls: 

Available  July  1,  1876 $2,947  50 

Expended  in  i«70  and  1877 2,947  50 

Act  of  July  31,  1876. 

Repairs  of  Georgetown  reservoir : 

Available  Julv  31,  1876 4,000  00 

Expended  in  1876  and  1877 4,000  00 

Engineering,  maintenance,  and  repairs: 

Available  July  31,  1876 18,000  00 

Expended  in  1«76  and  1877 18,000  00 

The  aqueduct  generally  is  in  good  condition.  The  cut-stone  dam 
across  the  Maryland  channel  of  the  Potomac  received  no  damage  during 
the  spring  freshets,  except  that  a  portion  of  the  ripraps  of  the  backing 
was  carried  over  the  dam.  The  water  has  been  too  high  thus  far  to 
replace  them,  but  they  can  be  replaced  iu  July  or  August,  when  the  water 
generally  fails  below  the  crest  of  the  dam. 

This  structure  is  the  only  one  on  the  Washington  Aqueduct  remain- 
ing unfinished.  It  should  be  built  entirely  aproas  the  river  to  the  Vir- 
ginia shore.  The  consumption  of  Potomac  water  for  several  years  past 
has  amounted  to  more  than  the  minimum  flow  of  the  Maryland  channel, 
and  is  now  very  nearly  the  maximum  quantity  that  can  be  supplied  by 
the  present  iron  mains.  Before  the  supply  can  be  increased  during  the 
summer  months  it  will  be  necessary  to  finish  the  Potomac  dam  and  to 
lay  additional  mains  from  the  distributing-reservoir  into  Washington. 

The  conduit-road  is  in  good  order.  It  is  macadamized  from  the  dis- 
tributing-reservoir to  culvert  No.  6.  The  remainder  of  the  road  should 
also  be  macadamized. 


APPENDIX    KK.  109$ 

The  slopes  of  the  embankments  and  excavations  should  be  protected 
with  sods  or  soiled  and  seeded  with  grass.  In  their  present  coudition 
every  rain-storm  damages  them  more  or  less. 

The  Government  lands  at  the  receiving-reservoir  should  be  inclosed 
with  a  substantial  wooden  fence.    The  grounds  surrounding  the  gate- 
keeper's dwelling  should  be  improved  by  grading  and  tree-planting. 
Powder  Mill  Branch,  which  empties  into  the  receiving-reservoir,  is  liable 
to  sudden  freshets;  at  times  the  waters  have  risen  beyond  the  control 
of  the  gatekeeper,  and  caused  considerable  damage  by  overflowing  the 
conduit  at  the  waste-channel  and  waste-weir  No.  3.    A  stone  over-fall 
should  be  built  over  the  connecting  conduit,  across  the  waste-channel, 
for  the  passage  of  the  storm-waters. 

The  wooden  bridge  over  the  waste-channel  was  built  iu  1863.  Its 
timbers  are  old  and  decayed ;  it  should  be  removed,  and  a  wrought- 
iroo  truss-bridge  should  be  erected  in  its  place. 

The  embankment-slopes  of  the  distributing-reservoir  should  be  sodded, 
to  protect  them  from  the  rain.  The  slopes  of  the  embankments  over  tho 
Pipe-line  should  also  be  sodded. 

Very  respectfully,  your  obedient  servant, 

Thos.  Lincoln  Casey, 
Lieutenant- Colonel  of  Engineers. 
Brig.  Gen.  A.  A,  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 


KK4. 

rock-creek  bridge  of  the  washington  aqueduct,  district  of 

columbia. 

War  Department, 
Quartermaster-General's  Office, 

Washington,  D.  (7.,  January  9,  1877. 

Sra :  I  have  the  honor  to  inclose  a  copy  of  a  letter  which  I  have 
thought  it  proper  to  send  to  chairmen  of  some  committees  of  Congress. 
The  criticism  upon  the  Rock  Creek  bridge,  involved  in  the  recom- 
me^dation  some  years  since  to  remove  the  street-railroad  traffic  from  it, 
Ml  in  the  recommendation  lately  made  to  Congress  to  cover  it  over  with 
a  wrought- iron  truss,  on  the  plea  of  danger  to  the  48-iuch  pipes,  affects 
^e  reputation  of  the  engineer  pnd  of  the  corps  to  which  be  belonged 
*hen  the  work  was  constructed  too  much  to  permit  a  longer  silence  on 
the  subject. 

There  are  few  iron  bridges,  I  believe,  in  existence  in  which  the  co  effi- 
cients of  safety  against  the  strains  caused  by  the  traffic  to  which  they 
are  exposed  are  so  large. 

Very  respectfully,  your  obedient  servant, 

M.  C.  Meigf, 
Quartermaster  General,  Bvt.  Brig.  Gen.,  U.  S.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 
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LETTER  FROM  BRIGADIER-GENE  UAL  M.  C.  MEIGS  TO  THE  CHAIRMAN 
OF  THE  COMMITTEE  ON  THE  DISTRICT  OF  COLUMBIA,  UNITED  STATES 
SENATE. 

War  Department, 
Quartermaster-General's  Office, 

Washington,  D.  (7.,  December  29, 1876, 

Sir  :  I  notice  in  the  Book  of  Estimates  for  the  next  fiscal  year,  at  page 
140,  an  estimate  of  $70,000  for  building  a  wrought-iron  trass-bridge  for 
the  protection  of  the  aqueduct-mains  over  Bock  Creek. 

I  designed  and  built  the  iron  bridge  at  Rock  Greek  by  which  the 
Washington-aqueduct  mains  enter  this  city. 

The  bridge  has  been  much  admired.  Its  elevation  and  plans  have 
been  published  in  the  scientific  and  engineering  journals  of  England, 
France,  and  I  think  also  of  Germany. 

The  centennial  commissioners  voted  to  me  their  diploma  and  medal 
for  the  plans  of  this  bridge  and  of  the  stone  bridge  over  Cabin  John 
Run,  also  on  the  Washington  aqueduct,  and  I  should  very  much  regret 
to  see  either  of  them  defaced  or  covered  over. 

Both  bridges  are  unique  among  engineering  structures;  the  Cabin 
John  Bridge  being  the  widest  stone  arch  in  existence,  220  feet  span,  and 
the  Rock  Creek  Bridge  being  the  only  one  in  which  the  arched  ribs  are 
utilized  to  convey  the  water-supply  of  a  city,  and  at  the  same  time  to 
support  a  roadway. 

I  made  careful  studies  for  these  bridges,  and  I  am  confident  that  it 
would  be  perfectly  safe  to  use  the  Rock  Creek  iron  bridge  as  a  railroad- 
bridge  for  the  heaviest  traffic. 

Hence  I  was  surprised  and  somewhat  grieved  at  seeing  a  law  passed 
two  or  three  years  since  to  remove  the  street- railroad  track  from  it  on  the 
plea  of  danger  to  the  mains. 

I  should  still  more  regret  to  see  it  covered  over  and  disfigured  by  any 
structure  on  the  plea  of  protecting  the  mains.  These  mains  have  actu- 
tually  conveyed  water  and  supported  a  street  and  railroad — Pennsylva- 
nia avenue — and  its  traffic,  according  to  the  original  design,  for  some 
sixteen  years.  I  watched  it  carefully  for  some  time  after  I  first  admitted 
to  it  water  and  the  traffic  of  the  street,  and  I  frequently  pass  it  even  now. 

So  long  as  I  had  charge  of  the  bridge  it  never  leaked  one  drop  of  water, 
and  I  have  never,  since  I  relinquished  the  control  of  it,  seen  the  evi- 
dence in  passing  of  the  slightest  leak. 

Some  pieces  of  the  light  cast-iron  laurel- wreaths,  designed  to  cover  over 
the  flange  joints,  merely  as  decorations,  have  from  time  to  time  fallen  from 
the  ribs,  in  consequence  of  the  jarring  loose  of  the  screws  by  which  they 
were  attached,  or  perhaps  by  their  rusting  off.  But  these  could  be  easily 
replaced  at  insignificant  cost,  and  their  actual  removal  would  not  weaken 
the  bridge  or  injure  it,  except  in  its  architectural  appearance.  To  cover 
over  and  conceal  the  bridge,  which  is  now  an  ornament  to  the  city,  seems 
to  me  to  be  a  useless  act  of  barbarism,  and  a  clear  waste  of  the  $70,000 
asked  for  the  purpose,  a  sum  probably  nearly  equal  to  the  original  cost 
of  the  bridge  itself,  or  of  its  iron-work.  s 

I  hope  that  no  such  project  will  be  favorably  entertained  by  your  com- 
mittee, unless,  greatly  to  my  surprise,  on  a  strict  scientific  investigation, 
a  necessity  for  such  a  structure  shall  be  clearly  proven  to  exist. 

If  it  has  not  been  needed  during  the  past  sixteen  years,  I  cannot  con- 
ceive that  the  times  now  so  differ  as  to  make  it  now  necessary. 

I  am  confident  myself  that  a  train  of  heavy  locomotives  could  be  safely 


APPENDIX    KK.  1095 

run  daily  ami  hourly  over  the  bridge,  so  far  as  the  strength  and  safety 
of  the  aqueduct-mains  are  concerned. 

I  remain,  very  respectfully,  your  obedient  servant, 

M.  C.  Meigs, 
Quartermaster- General  U.  S.  A., 
Formerly  Chief  Engineer  and  Constructor  of  the 

^Yashington  Aqueduct. 
Hon.  George  E.  Spencer, 

Chairman  Committee  on  the  District  of  Columbia, 

United  States  Senate. 


report  of  colonel  o.  e.  bibcock,  corps  of  engineers. 

Office  of  Washington  Aqueduct, 

Washington,  D.  C7  January  22,  1877. 

&ra :  I  have  the  honor  to  acknowledge  the  receipt  of  a  letter,  addressed 
by  General  M.  C.  Meigs  to  the  Chief  of  Engineers,  dated  January  9, 
1877,  inclosing  a  copy  of  a  letter  addressed  by  him  to  the  Chairmen  of 
the  Committees  on  the  District  of  Columbia,  and  dated  December  29, 
18(76,  relative  to  the  Washington  Aqueduct  iron  bridge  over  Rock  Creek, 
and  to  the  stone  bridge  over  Cabiu  John  Run,  referred  to  me  on  16th 
instant  for  report. 

In  reply,  I  respectfully  submit  the  following:  A  perusal  of  General 
Meigs's  letters  gives  but  few  points  on  which  to  differ  or  report,  and 
indicates  that  he  believes  that  the  Rock  Creek  Bridge,  which  was  built 
nearly  twenty  years  ago,  is  the  best  that  could  be  devised  for  the  pur- 
pose, and  that  any  alteration  made  in  it  would  be  "  a  useless  act  of  bar- 
barism" and  clear  waste  of  money. 

He  states  that  the  criticism  upon  the  Rock  Creek  bridge  involved  in 
the  recommendation  some  years  since  to  remove  the  street-railroad 
traffic  from  it,  and  in  the  recommendation  lately  made  to  Congress  to 
cover  it  with  a  wrought-iron  truss,  on  the  plea  of  danger  to  the  48-inch 
pipes,  affects  the  reputation  of  the  engineer  and  of  the  corps  to  which 
be  belonged  when  the  work  was  constructed  too  much  to  permit  a  longer 
silence  on  the  subject. 

That  the  bridge  has  beeu  much  admired  ;  its  elevation  and  plans  have 
been  published  in  the  scientific  and  engineering  journals  of  England, 
France,  and  Germany. 

That  the  Centennial  Commissioners  voted  to  him  their  diploma  and 
medal  for  the  plaus  of  this  bridge  and  of  the  stone  bridge  over  Cabin 
John  Run,  also  on  the  Washington  Aqueduct,  and  that  he  should  very 
much  regret  to  see  either  of  them  defaced  or  covered  over. 

That  both  bridges  are  unique  among  engineering  structures,  the 
Cabin  John  Bridge  being  the  widest  stone  arch  in  existence,  220  feet 
span,  and  the  Rock  Creek  Bridge  being  the  only  oue  in  which  the  arched 
ribs  are  utilized  to  convey  the  water  supply  for  a  city  and  at  the  same 
time  to  support  a  roadway. 

That  he  made  careful  studies  of  these  bridges,  and  is  coufident  that  it 
would  be  perfectly  safe  to  use  the  Rock  Creek  Bridge  as  a  railroad-bridge 
for  the  heaviest  traffic. 

That  he  was  surprised  and  somewhat  grieved  at  seeing  a  law  passed 
two  or  three  years  ago  to  remove  the  street-railroad  track  fro  n  it,  and 
should  still  more  regret  to  see  it  covered  over  and  disfigured  by  auy 
structure  on  the  plea  of  protecting  the  mains. 

That  some  pieces  of  the  light  cast  iroih  laurel-wreaths,  designed  to 
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cover  over  the  flange-joints,  have  from  time  to  time  fallen  from  the  ribs 
in  consequence  of  the  jarring  loose  of  the  screws  by  which  they  were 
attached,  &c. 

In  reference  to  the  iron  bridge  over  Eock  Creek,  it  will  be  seen  by 
referring  to  ray  annual  report  of  operations  upon  the  Washington  Aque- 
duct dated  October  13,  1873,  that  I  stated  as  follows : 

There  seems  to  be  no  authority  of  law  for  the  use  of  this  bridge  for  common  travel, 
although  it  was  tolerated  during  the  late  war  on  account  of  the  demand  for  passage- 
way  upon  all  the  avenues  and  streets.  The  constant  jarriug  to  which  it  is  subjected 
has  caused  many  of  the  ornamental  scrolls  which  encircle  the  joints  of  the  mains  to 
become  loose  and  drop,  and  I  have  no  doubt  its  continued  use  for  a  general  thorough- 
fare will  eventually  destroy  its  usefulness  for  aqueduct  purposes. 

At  my  request  it  was  examined  in  1875  by  the  House  Committee  on 
Appropriations,  who  saw  the  effect  that  the  passage  of  heavily-loaded 
wagons  had  produced  upon  it,  and  they  procured  the  passage  of  an  act  of 
Congress,  in  pursuance  of  which  the  tracks  of  the  Washington  and 
Georgetown  Eailroad  were  removed  therefrom,  and  the  travel  over  it  was 
restricted  to  light  loads. 

After  the  passage  of  the  act  above  mentioned  thebridge  was  thoroughly 
repaired  and  painted,  and  the  castings  which  had  fallen  from  it  were 
replaced  in  position.  These  castings,  which  General  Meigs  states  are 
light  cast-iron  laurel- wreaths,  and  which  can  be  replaced  at  insignificant 
cost,  weigh  about  100  pounds  each. 

In  1875,  when  the  committee  examined  this  bridge,  forty-two  of  these 
casting  were  on  the  ground  under  the  bridge,  and  twelve  were  iu  the 
bottom  of  Rock  Creek,  six  of  which  were  recovered  and  six  could  not 
be  found.  The  cost  of  replacing  them,  including  the  purchase  of  six  new 
ones,  was  $208.15.  General  Meigs,  in  admitting  the  jarring  loose  of 
these  scrolls,  fully  justifies  my  recommendation. 

In  ray  annual  report  upon  the  Washington  Aqueduct  dated  June  30, 
187G,  I  stated  that  the  entire  supply  of  Potomac  water  depended  upon 
the  preservation  of  this  bridge,  and  1  recommended  that  the  roadway 
and  sidewalks  which  are  now  supported  by  its  arches  be  removed,  and 
that  a  wrought-irou  truss-bridge,  with  wrought-iron  floor-beams  and 
stringers  to  support  the  roadway  and  sidewalks,  be  erected  over  the 
present  structure;  that  a  plan  bad  been  made  for  this  proposed  im- 
provement, and  that  the  estimated  cost  is  $70,000. 

This  bridge,  situated  at  the  west  end  of  Pennsylvania  avenue,  connect- 
ing Washington  with  Georgetown,  reduces  the  broad  roadway  of  that 
avenue  to  a  narrow  passage  17  feet  wide  and  about  300  feet  loug.  The 
advantages  which  would  result  from  the  improvement  recommended  by 
me,  and  which  are  stated  in  the  report  above  mentioned,  are  as  follows  r 

First,  (and  the  most  important.)  The  two  cast-iron  mains,  each  4  feet 
in  diameter,  and  whieh  form  the  arches  of  the  present  structure,  would 
be  protected  from  the  jarring  caused  by  passing  loads,  and  all  danger 
of  leaking  thereby  would  be  avoided. 

Secoud.  The  roadway,  which  is  now  only  17  feet  wide,  would  be  30  feet, 
and  the  sidewalks,  which  are  only  4J  feet  wide,  would  be  9  feet. 

In  regard  to  the  strength  of  the  present  structure,  I  have  no  doubt  of 
its  ability  to  support  the  weight  of  any  load  likely  to  come  upon  it ;  but, 
in  my  opinion,  there  is  danger  that  such  loads  will  eventually  cause  its 
joints  to  leak. 

General  Meigs  admits  that  there  has  been  sufficient  vibration  or  jar- 
ring to  throw  down  the  ornamental  scrolls,  on  which  no  strains  come.  In 
my  opinion  the  amount  of  jarring  or  vibration  thus  admitted  must,  if 
continued,  destroy  in  time  its  usefulness  for  aqueduct  purposes. 
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As  General  Meigs  has  never  seen  the  plan  which  I  have  recommended 
the  fact  that  the  Centennial  Commissioners  voted  him  a  diploma  and 
ffledal,  together  with  the  fact  that  plans  of  his  bridges  have  been  pub- 
lished in  scientific  and  engineering  journals  in  England,  France,  and 
Germany,  does  not  give  him  the  right  to  intimate  that  the  improvement 
I  have  recommended  is  calculated  to  deface  or  conceal  either  Cabin  John 
^***idge  or  Rock  Creek  Bridge. 

General  Meigs's  plans  have,  it  is  true,  been  published  in  English  and 
5^ench  scientific  journals,  but  notwithstanding  the  great  progress  made 
ll*  hydraulic  engineering,  and  the  vast  sums  expended  since  the  con- 
struction of  the  Washington  Aqueduct,  I  have  yet  to  hear  of  his  plaus 
^**d  designs  for  bridges  being  adopted  on  any  work. 

3fcf.  Huet,  inginieur  des  Ponts  et  Chanssfos,  in  a  description  of  the 
Proton  and  Washington  Aqueducts,  published  in  the  "Annates  des  Ponts 
?*  ChaussSes?  remarks  that  the  tubes  of  Rock  Creek  Bridge  are  covered 
^^side  with  a  lining  of  wood  3  inches  in  thickness,  for  the  purpose  of  di- 
minishing vibration,  and  that  notwithstanding  that  precaution  it  will 
**©  difficult  for  that  bridge  to  constantly  perform  its'duty  without  tod 
>nany  leaks  or  accidents,  ("sans  trap  de  fuites  ni  (Paccidents.*) 
*•  With  reference  to  Cabin  John  Bridge,  no  appropriation  is  asked  for 
^rork  on  it.    Since  it  has  been  under  my  charge,  cut-stone  parapets  have 
teen  constructed  to  protect  the  public,  and  an  asphalt  pavement  to  pro- 
tect the  masonry.    The  only  act  of  barbarism  that  I  know  of  was  the 
defacing  of  the  abutments  by  changing  the  inscriptions. 

Plans  and  descriptions  of  it  have  been  published  in  England  and 
France ;  the  latest  I  have  seen  is  that  entitled  "  Travaux  Publics  des 
lltats  Unis  d'Apiirique  en  1870 ;  rapport  de  mission  par  M.  Malezieux^ 
professeur  a  CEcole  Nationale  des  Ponts  et  Chausstes." 

In  his  description  of  the  Washington  Aqueduct,  M.  Mal6zienx  does 
not  concede  the  credit  of  designing  Cabin  John  entirely  to  General 
Meigs,  but  he  says  "  that  the  studies  of  all  its  details  were  made,  and  it 
was  constructed  by,  Alfred  L.  Rives,  a  graduate  of  the  jScole  des  Ponts  et 
ChaussiesP 

As  to  the  reflections  upon  the  Corps  of  Engineers,  General  Meigs  assumes 
that  because  he  was  employed  upou  the  Washington  Aqueduct,  when  a 
member  of  the  corps,  sixteen  years  ago,  he  has  the  right,  without  inquiry, 
to  write  a  protest  to  committees  of  Congress,  pronouncing  the  recom- 
mendation of  an  engineer  officer,  submitted  through  his  chief  and  the  Sec- 
retary of  War,  as  "  barbarous  and  a  waste  of  money."  Does  not  such  an 
assumption  seriously  reflect  upon  the  officer  making  such  recommenda- 
tion, and  is  it  not  a  direct  violation  of  that  courtesy  that  should  exist 
between  different  branches  of  the  service  t 

I  wish  it  to  be  distinctly  understood  that,  as  the  engineer  in  charge 
of  the  Washington  Aqueduct  for  the  last  five  years,  my  observation  con- 
vinces me  that  if  those  pipes  are  not  protected  the  constant  jarring  will 
eventually  injure  them  and  impair  their  usefulness  for  conducting  Poto- 
mac water  into  the  city,  though  the  removal  of  the  railroad-tracks  and 
the  restriction  of  the  travel  to  light  loads  relieves  them  in  a  great 
measure. 

The  construction  of  the  Washington  Aqueduct  was  begun  A.  D.  1853. 
The  principal  changes  that  have  been  made  from  the  original  plans  of 
General  Meigs  may  be  briefly  mentioned  as  follows,  namely: 

The  substitution  at  Great  Falls  of  a  cut- stone  dam  for  an  embankment 
of  loose  stones. 

The  building  of  cut-stone  parapets  on  Cabin  John  Bridge  and  on  Grif- 
fith Park  Bridge. 

The  building  of  the  connecting  conduit  at  the  receiving-reservoir. 
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The  widening  and  raising  of  the  embankments  over  the  conduit  be- 
tween Great  Falls  and  the  distributing-reservoir. 

The  lining  of  the  water-slopes  of  the  distributing  reservoir  dams  with 
slope  wall  from  18  to  24  inches  in  thickness. 

The  fencing  of  reservoirs ;  the  laying  of  a  cast-iron  main,  3  feet  in  di- 
ameter, from  the  distributing-reservoir  to  Capitol  Hill. 

The  improvement  made  at  the  high-service  reservoir  in  Georgetown 
by  the  substitution  of  an  ornamental  cornice  of  cast  iron  for  an  un- 
sightly brick  dome. 

Although  the  official  connection  of  General  Meigs  with  the  Washing' 
ton  Aqueduct  ceased  in  1861,  each  of  these  chauges  met  with  strenuous 
opposition  from  him.  They,  however,  received  the  approval  of  Congress, 
and  have  been  either  wholly  or  partially  completed. 

With  regard  to  the  necessity  of  laying  an  additional  main  from  the 
distributing-reservoir  into  Washington,  General  Meigs  stated  under 
oath,  before  the  House  Committee  of  the  District  of  Columbia,  on  April 
27, 1870,  as  follows : 

The  supply  now,  as  it  comes  into  the  city,  is  sufficient  for  a  population  of  five  hun- 
dred thousand.  The  supply  of  water  would  be  improved  by  filling  the  reservoir  up  to 
the  proper  height,  which  the  gentlemen  who  have  charge  of  the  work  seem  to  be  afraid 
to  do.  But  I  will  warrant  it  will  stand,  and  this  will  give  an  additional  height  of  10 
feet,  which  would  supply  many  more  of  the  higher  stories  with  water.  (See  Mis.  Doc. 
No.  132,  Forty -first  Congress,  second  session,  p.  42.) 

To  have  raised  the  flow-line  of  the  distributing- reservoir  10  feet  higher 
than  it  was  iu  April,  1870,  if  such  a  thing  could  have  been  done,  would 
have  brought  it  several  feet  above  the  top  of  the  reservoir-dams,  (which 
are  higher  than  the  fountain-head  at  Great  Falls,)  and  flooded  the  sur- 
rounding country,  which  would  certainly  have  been  an  u  act  of  bar- 
barism.'7 

Since  then  the  "36-inch  main"  has  been  laid;  the  consumption  of 
Potomac  water  has  more  than  doubled ;  an  additional  supply  of  water  is 
again  demanded,  and  to  meet  this  demand  General  Meigs  has  recently 
advocated,  through  the  press,  the  building  of  a  tunnel,  5  miles  long  and 
10  feet  in  diameter,  from  the  distributing-reservoir  to  the  high  grounds 
north  of  Washington,  and  the  buildiug  there  of  a  second  distributing- 
reservoir. 

It  may  be  proper  to  add  in  this  connection  the  following,  'taken  from  a 
report  upon  the  Washington  Aqueduct,  by  Silas  Seymour,  Esq.,  an  emi- 
nent civil  engineer,  and  formerly  chief  engineer  of  the  Washington  Aque- 
duct : 

The  plans  designed  by  General  Meigs  for  the  Washington  Aqueduct  were  probably 
the  best  that  could  be  devised  at  the  time  from  the  lights  and  experiences  then  avail- 
able for  reference. 

The  changes  which  have  been  made  therefrom  and  adopted  should  be  regarded  as 
only  the  natural  results  of  experience  and  observation  on  the  Washington  Aqueduct 
and  other  works  of  a  similar  nature  during  a  period  of  several  years  which  have  elapsed 
since  the  commencement  of  the  work,  aud  should,  therefore,  not  be  regarded  as  reflect- 
ing auy  discredit  upon  the  original  plans. 

The  history  of  this  work  would  differ  materially  from  that  of  any  other  public  im- 
provement in  the  country  if  the  experiences  and  observation  of  each  succeeding  year  of 
its  construction  and  use  did  not  develop  the  expediency  of  some  chauges  in  the  original 
plans,  which,  if  adopted,  wonld  prove  advantageous  to  the  work. 

General  Meigs's  letters  are  returned  herewith,  aud  I  also  transmit  a 
plan  showing  two  designs  for  the  bridge  1  have  recommended,  and 
which  I  request  may  be  returned  to  this  office. 
Very  respectfully,  your  obedient  servant, 

O.  E.  Babcock, 
Brig.  Gen.  A.  A.  Humphreys,  Colonel  of  Engineers. 

Chief  of  Engineers  U,  8.  A. 
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REPORT  OF  BOARD  OF  ENGINEERS. 

Army  Building, 

New  York,  April  7,  1877. 

General  :  The  Board  of  Eugineers  constituted  by  Special  Orders  No. 
«$,  February  2,  1877,  Headquarters  Corps  of  Engineers,  to  examine  into 
the  propriety  of  certain  modifications  of  the  Rock  Creek  Bridge,  Wash- 
ington Aqueduct,  projected  by  the  engineer  officer  in  charge,  met  iu 
Washington  February  7.  Having  examined  drawings  of  the  bridge  and 
the  structure  itself,  and  discussed  the  question  submitted  to  them,  they 
adjourned  February  9,  to  meet  again  iu  New  York  City.  Thence  they 
submitted  to  the  Chief  ot  Eugineers  a  preliminary  report,  dated  ^Febru- 
ary  17,  giving  a  general  opinion  as  to  the  effects  of  loads  upon  the  pres- 
ent bridge  in  connection  with  its  strength,  stability,  and  safety,  without, 
however,  deciding  the  propriety  ot*  the  structure  proposed  by  the  en- 
gineer in  charge  to  provide  a  wider  roadway  across  Rock  Creek,  con- 
cluding to  report  more  fully  upon  all  these  points  in  a  future  communi- 
cation. 

That  report  they  now  have  the  honor  to  submit,  as  follows  : 

The  superstructure  of  tn&  Rock  Creek  Bridge  rests  essentially  upon 
two  iron  pipes  that  couvey  all  the  water  from  the  distributing-reservoir 
into  Washington  that  is  required  in  that  city.  These  pipes  are  4  feet 
interior  and  4  feet  3  inches  exterior  diameter.  The  span  of  this  bridge 
is  200  feet,  the  rise  20  feet.  There  are  in  each  of  these  arches  17  sec- 
tions of  pipe  which  abut  together,  and  are  further  secured  by  flanges 
strongly  riveted.  Iron  trusses  over  the  haunches,  that  is  starting  from 
the  spriuging  lines  and  extending  nearly  to  the  crown  of  the  arches, 
are  fastened  to  the  iron  pipes  and  receive  the  roadway.  By  this  con- 
struction the  bridge  is  much  stiffened. 

These  ribs  are  strong,  and  it  will  appear  that  without  the  trusses  they 
can  bear  in  safety  the  heaviest  uniformly-distributed  load  to  which  they 
will  probably  ever  be  subjected. 

Accompanying  sketch  A  will  illustrate  the  following  discussion  of  the 
question  of  loads,  resulting  thrusts,  and  corresponding  pressures  upon 
the  iron  of  the  tubes  : 

The  weight  of  the  Bock  Creek  Bridge  not  loaded,  as  given  by  Gen- 
eral Meigs,  is \ 1,023,495  pounds. 

Number  of  square  feet  of  roadway  surface  of  bridge  is  200'  by  26', 
=  5,200  square  feet.  Allowing  100  pounds  per  square  foot  for  load 
of  men,  which  is  excessive,  gives  for  weight  of  such  lead 520,000  pounds. 

And  for  total  weight  of  bridge  thus  loaded 1, 543, 495  pounds. 

It  is  probably  judicious  to  allow  100  pounds  per  foot  for  a  crowd 
upon  the  bridge ;  not  because  it  could  by  any  possibility  be  dense 
enough  to  produce  that  weight,  but  for  the  reason  that  by  its  motion 
the  effect  of  a  greater  weight  is  produced. 

Taking  the  weight  of  the  bridge  loaded,  therefore,  at  1,543,495 
pounds,  the  thrust  may  be  thus  obtained  : 

Referring  to  Figure  1,  it  is  apparent  that  there  will  be  a  tendency  of 
each  half  arch  of  the  bridge  to  rotate  about  R'.  But  as  the  chords  from 
R'  to  R  are  longer  than  from  R;  to  G  the  pressure  will  be  greater  at  R 
than  at  C.  So  at  the  springing-line  joint  the  pressure  will  be  greater  at 
R'  than  at  C  As  the  joints  cannot  open  at  C  or  C  unless  the  abut- 
ments give  way,  the  most  unfavorable  supposition  that  we  are  free  to 
make  is  that  the  strain  may  possibly  be  reduced  to  0  at  those  points. 
This  would  result  in  twice  the  pressure  at  R  and  R'  of  the  average  on 
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the  joint,  provided  the  pressure  is  uniformly  increasing  from  C  to  R  and 
from  C  to  R'.  The  point  of  application  in  that  case  of  the  thrust  due  to 
each  half  arch  tending  to  rotate  will  be  at  P ;  R  P  being  £  of  R  C,  and 
the  resultant  of  pressures  on  springing-line  joints  will  beat  P',  £  distant 
from  R'  to  C.  The  thrust  at  P  is  due  to  the  half  arch  rotating  about 
P'.    Hence — 

rri        *  t  _  *  weight  of  bridge  x  BP'  _  771748  lbs.  X  50*  f>. 
Tbiust  T  _  , _, _ 

which  gives,  T  =  1,812,710  pounds;  and  thrust  on  each  rib  is  i  of  T,  or  900,355  pounds. 
Area  ofcross-section  of  pipe  is  233£  inches.  Average  pressure  ou  square  inch,  therefore, 
at  crown  joint  would  be  =  3,886  pouuds. 

This  would  give  approximately  7,772  pounds*  pressure  at  R. 

The  resultant  at  P'  will  be  due  to  thrust  at  P,  906,355  pounds,  and  J 
weight  of  bridge  =  V^W355*  +  385&7o^=  985,078  pounds.  Dividing 
by  233 J  inches  gives  average  pressure  per  square  inch  =  4,223  pounds, 
and  real  pressure  at  R'  twice  that  amount,  or  8,446  pounds  per  square 
inch.  This  seems  to  be  the  greatest  pressure  to  which  any  portion  of  the 
iron  at  the  joints  of  the  pipes  can  be  submitted  by  the  largest  uniformly- 
distributed  load  that  can  be  put  upon  the  bridge.  This  weight  per 
square  inch  is  from  ^  to  T^  of  the -rupturing  weight  by  pressure  of 
cast  iron.  There  is  no  risk,  therefore,  of  the  bridge  being  injured  by 
any  dead  load,  uniformly  distributed,  that  may  be  thrown  upon  it. 

The  following  analysis  will  serve  to  show  the  effect  of  an  unequal  dis- 
tribution of  weights  upon  the  bridge : 

Pounds. 

Bridge's  weight  as  before  is 1,023,495 

Weight  over  each  half  rib 255,676 

Let  us  suppose  a  weight  of  20  tons  thrown  upon  one-half  of  the  bridge 
from  N  to  O,  Fig.  2,  equally  distributed,  or  producing  its  effect  at  (M) 
the  middle  of  the  half  arch. 

On  the  right  half  of  each  rib  the  additional  weight  is  20,000  pounds, 
making  the  whole  weight  on  the  right  half  of  each  rib  275,876  pounds; 
on  left  half  of  each  rib  the  weight  remaining  is  255,876  pounds. 

Now,  in  order  that  these  weights  may  counterbalance  each  other,  the 
points  of  resultant  pressures  on  springing-line  joints  must  be  different. 
The  right  arch  being  heavier  than  the  left,  will  tend  to  rotate  upwards. 
The  action  of  the  first  raises  its  resultant  point  of  thrust  above  the  cen- 
ter of  joint;  that  of  the  second  depresses  it  below  center.  It  will  prob- 
ably be  safe,  therefore,  to  assume  the  resultant  points  of  application  of 
the  two  thrusts  at  center,  P,  of  crown  joint,  (Fig.  2,)t  and  P'  as  in  pre- 
ceding discussion,  £  distant  from  R'  to  C.  AP'  then  becomes  20J  feet 
andBP'=50£  feet,  and  thrust  of  right  half  arch  becomes 

2™£™x  50.1=671409. 
20$ 

Thrust  of  left  half  arch=2^77-6xB/  P". 

The  equilibrium  of  the  arch  requires  that  these  thrusts  should  be  equal  or 

AHP"=  255876 

B'  P"~  671409*    ' 
A'  P"  and  B'  P"  are  each  only  known  approximately,  but  by  assum- 

*  Under  the  supposition  that  pressure  is  zero  at  C. 

tlf  assumed  at  P,  as  in  Figure  1,  the  resulting  point  of  application  P"  will  not  be 
materially  changed. 


/ 
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ing  B'  P"  and  solving  the  equation  by  successive  corrections,  we  shall 
find  B/P//=51  and  A'  P"=19.44.  Constructing  position  of  P"  geomet- 
rically from  above  value  of  A'  P",  or  more  accurately  determining  its 
position  from  calculation,  we  find  it  £  distant  from  C"  to  R".  This, 
therefore,  is  the  point  of  resultant  thrust  on  joint  C"  R".  The  thrust  of 
right  half  arch,  therefore,  tending  to  revolve  about  P',  is  exactly  equal 
to  thrust  of  left  half  arch  tending  to  revolve  about  P".  Equilibrium  is 
the  result,  with  no  greater  pressure  ou  outer  edge  of  joint  C"  R"  than 
ou  inuer  edge  of  joint  C  R',  which  is  double  the  average  pressure  per 
square  inch,*  if  pressure  were  distributed  over  the  whole  joint. 

This  last  discussion  shows  that  point  of  application  P"  will  rise  on 
the  joint  as  the  extra  weight  at  M  is  increased.  Forty  thousand  pounds 
are  assumed  to  be  as  great  an  excess  of  weight  on  one  half  arch  above 
the  other  as  will  ever  occur.  A  crowd  passing  over  the  bridge  might 
possibly  be  dense  enough  as  it  left  to  throw  an  excess  one-half  greater 
than  that  assumed  above.  Under  that  supposition  the  resultant  will 
X^ass  through  p,  about  I  distant  from  C"  to  R". 

It  is  impossible  to  determine  with  any  precision  how  this  pressure 
will  be  distributed  over  joint  R"  C"  so  as  to  give  resultant  at  p,  £  distant 
from  C".  That  will  depend  upon  the  manner  of  yielding  or  compression 
of  substance  of  joint  and  of  the  iron  itself.  The  pressures  aloug  the  line 
of  the  joint  may  be  ordinates  of  a  curve  thus : 


So  that  the  moment  of  surface  p  BAC"  with  reference  to  p  B  wil. . 
equalto  that  of  surface  R"  p  B.  " 

Or  the  distribution  mav  be  th  us : 


The  pressures  being  represented  by  ordinates  to  an  intermediate  curve 
Aft,  or  to  the  right  line  Ad.  The  distribution  cannot  be  determined  as 
the  result  of  any  law,  but  will  depend,  as  before  stated,  upon  the  man- 
ner of  compression  of  the  substauce  of  the  joint  or  condensation  of  the 
iron  itself.  The  greatest  resultant  pressure,  however,  at  C"  will  not 
probably  exeeed  four  times  that  of  the  average,  if  pressures  are  distrib- 
uted equally  over  whole  joint.  The  resultant  pressure  on  joint  in  this 
case  is  found  to  be,  if  equally  distributed,  3,215  pounds  per  square  inch, 
so  that  the  pressure  at  C"  uuder  above  supposition  would  be  12,860 
ponnds,  or  £  of  ultimate  strength  of  cast  iron.  Accompanying  drawings 
show  the  three  curves  of  pressure  corresponding  to  the  foregoing  sup- 
posed distribution  of  weights  upon  the  bridge.  These  curves  of  pres- 
sure lie  well  within  the  extrados,  and  exhibit  conditions  favorable  to  the 
stability.    It  would  seem,  therefore,  that  were  the  bridge  formed  of  the 


1102        REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

two  arched  ribs  only,  equilibrium  would  result  therefrom,  and  that  the 
structure  would  be  safe  under  the  greatest  uniformly-distributed  load 
that  would  come  upon  it,  and  under  any  loads  that  would  probably  pass 
over  the  bridge,  changing  from  one  position  to  another. 

In  fact,  the  trusses  ought  not  to  be  taken  into  account  in  estimating 
the  stability  or  safety  of  the  bridge,  as  they  do  not  materially  reduce 
the  thrust  on  the  cast-iron  pipes.  They  might  prevent  a  change  of  form 
sufficient  to  cause  the  bridge  to  fall,  but  could  not  prevent  those  in- 
creased pressures  on  the  inner  and  outer  edges  of  the  joints  which  have 
been  investigated  in  the  foregoing  discussion.  , 

It  is  difficult  to  say  what  will  be  the  ultimate  effect  of  the  constant 
jarring  of  the  bridge.  Vibratory  motion  injures  wrought-iron,  by  making 
it  more  crystalline,  thereby  diminishing  its  tensile  strength;  but  we  do 
not  know  that  it  injures  the  strength  of  cast-iron  to  resist  pressure.  We 
can  conceive  that  vibration  through  sensible  arcs  might  produce  an 
effect  somewhat  similar  to  an  impulse  or  blow,  and  in  that  way  increase 
the  pressure  very  largely ;  but  this  bridge  seems  to  be  too  stiff  to  ad- 
mit, of  such  large  vibrations. 

It  has  been  found  by  experiments  upon  railroad-iron  used  as  a  bridge 
that  high  velocities  increase  the  deflection  of  the  iron  mauy  fold  as  com- 
pared with  low  velocities,  and  that  one  half  of  the  statical  breaking 
weight,  when  moved  rapidly,  resulted  in  breaking  the  bars.  In  that  trial 
the  weights  came  immediately  on  the  bars  and  the  motion  was  very 
rapid.  Teams  pass  no  faster  than  a  walk  on  the  Rock  Creek  bridge,  and 
their  weights  are  transmitted  through  a  superstructure  of  such  stiffness, 
that  the  effect  of  the  motion  is  diffused,  and  loses  the  character  of  an  im- 
pulse or  blow  before  reaching  the  iron  pipes.  We  conclude,  therefore, 
that  the  bridge  has  a  superabundance  of  strength,  as  it  ought  to  have, 
since  the  water-snpply  of  the  city  of  Washington  is  dependeut  upon  the 
safety  of  this  structure. 

Should  it  be  necessary  to  widen  this  bridge,  there  is  no  doubt  that  the 
proposition  of  the  engineer  in  charge  to  put  a  truss  beneath  the  road- 
way will  accomplish  the  end  in  view  cheaply,  as  it  will  avoid  widening 
the  abutments.  The  truss  above  the  roadway  will  be  unsightly  in  such 
a  position.  In  fact,  the  undergrade  truss  will  be  objectionable  on  the 
same  ground,  so  far  as  it  is  exposed  to  view. 

It  would,  in  our  opinion,  therefore,  better  accord  with  the  position  on 
Pennsylvania  avenue  and  with  the  general  character  and  architectural 
effect  of  other  aqueduct  structures  to  widen  this  structure,  without 
changing  its  design,  by  the  addition  of  two  arched  iron  ribs  similar  to 
those  of  the  present  bridge  and  by  widening  the  abutments. 

These  two  arched  ribs  should  be  made  about  as  heavy  as  those  of  the 
present  bridge.  As  the  previous  discussion  shows  the  latter  to  be  abun- 
dantly strong  without  the  truss- work,  in  the  new  construction  the  greater 
portion  of  the  whole  weight  of  the  bridge  could  be  thrown  upon  the 
added  arches,  not  used  as  water-pipes. 

We  regard  the  arch  as  far  more  sightly,  beautiful,  and  architectural 
than  the  truss,  and  therefore  more  suitable  for  this  positiou. 

Respectfully  submitted. 

Z.  B.  Tower, 
Colonel  of  Engineers,  Bvt.  Maj.  Gen.,  U.  8.  A. 

H.  G.  Wright, 
Lieut  Col.  of  Engineers,  Bvt.  Maj.  Gen. 

Q.  A.  GlLLMORE, 
Lieut.  Col.  of  Engineers,  Bvt.  Maj.  Gen.,  U.  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 
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bkport  of  lieutenant-colonel  thomas  lincoln  (jasev,  corps  of 

engineers. 

Office  of  the  Washington  Aqueduct, 

GeorgetoicH)  D.  6\,  July  19,  1877. 

General:  I  have  the  honor  to  acknowledge  the  receipt  of  your  let- 
ter? dated  April  26,  inclosing  for  my  information  copies  of  certain  papers 
plating  to  the  Washington  Aqueduct  Bridge  over  Rock  Creek,  request- 
^g  ttie,  at  my  convenience,  to  fully  investigate  the  question  attending 
*"e  present  and  prospective  use  of  that  bridge  as  a  highway,  and  to  re- 
Q°tt  my  views  as  to  whether,  in  view  of  the  restrictions  authorized  by 
^  of  Congress  to  be  placed  upou  the  travel  over  the  bridge,  the  inter- 
«ste  of  the  United  States  or  of  the  citizens  of  Washington  and  George- 
town 8eeni  to  demand  any  increase  of  the  width  of  the  roadway  aud  of 
*"*?  footway  of  the  bridge.  ' 

;**i  reply,  I  respectfully  submit  the  followiug: 

The  superstructure  of  the  Rock  Creek  Bridge  was  constructed  upon 

o  cast-iron  arch-shaped  mains,  48   inches  in  diameter,   which  rest 

af*c*n  stone  abutments  on  either  side  of  the  creek,  aud  are  used  for  the 

I^^poseof  conveying  the  water  from  the  Washington  Aqueduct  over 

^K3k  Creek  into  the  city  of  Washington. 

«   33yan  act  of  Congress  approved  May  17,  1862,  the  Washington  and 
^wgetown  Railway  Company  was  created,  and  authorized  to  construct 
Jx**3  lay  down  a  double-track  rkilway  in  the  cities  of  Washington  and 
^^wgetown,  through  and  along  the  following  avenues  and  streets : 


£_j^-ommencing  on  Bridge  street  at  the  intersection  of  High  street ;  thence  along  said 
K^^^g©  street  to  its  intersection  with  the  street  running  to  the  tabular  bridge  over 
£T***«k  Creek  to  Pennsylvania  avenue,  in  the  city  of  Washington ;  along  said  avenue 
fifteenth  street  west,  &c. 

JU  the  time  of  the  passage  of  this  law  the  embankments  at  the  end 
^  the  bridge  had  not  been  completed,  and  the  bridge  had  beeu  used  for 
^^  other  purpose  than  for  the  passage  of  the  aqueduct  water.  The 
^ *^tobankments  were  completed  in  1862,  and  the  bridge  was  immediately 
*^^ed  as  a  general  thoroughfare  for  streetcars  and  wagons  of  all  de- 
scriptions. 

The  railroad  company  claimed  to  have  derived  its  authority  for  the 
<se  of  this  bridge  from  that  portion  of  the  law  above  quoted,  aud  while 
ere  seemed  to  be  no  authority  of  law  for  the  use  of  this  bridge  for  coin- 
on  travel,  it  was  permitted  to  be  so  used  during  the  late  war  on  account 
f  the  demand  for  passage-way  upon  nearly  all  the  public  avenues  and 
Streets,  and  it  coutinued  to  be  used  for  such  purposes  until  after  the 
^fcassage  of  an  act  of  Congress,  approved  March  3,  1875,  of  which  the 
^V)llowing  is  an  extract : 

*  *  *  *  And  provided  further,  That  the  Chief  Engineer  is  hereby  directed  to 
^iotify  the  Washington  and  Georgetown  Railway  Company  to  remove  their  rail  way - 
^>rack  from  the  Washington  Aqueduct  Bridge  over  Rock  Creek  within  one  year  from 
^late  of  said  notice,  and  said  company  shall  make  such  removal  within  the  year  afore- 
said. *  *  And  said  Chief  Engineer  may  establish  and  publish  regulations  prohibit- 
ing the  passage  of  heavily-loaded  wagons  and  carriages  over  said  bridge.     •    *    •    * 

A  copy  of  this  law  was  sent  to  the  president  and  directors  of  the 
AVasbington  and  Georgetown  Railway  Company,  and  they  were  notified 
to  remove  their  tracks  from  the  bridge  withiu  one  year  from  the  date  of 
said  notice. 

In  the  following  October  they  removed  their  rails,  and  since  then  the 
passage  over  it  of  heavily  loaded  wagons  and  carriages  has  been  pro- 
hibited. 
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Even  with  this  restriction  upon  the  travel,  the  bridge  is  often  thronged 
with  vehicles,  and  as  it  is  the  most  direct  line  of  communication  between 
Washington  and  Georgetown  I  am  of  opinion  that  in  the  future  the 
travel  over  it  will  increase.  The  restrictions  that  have  been  placed  upon 
the  travel  by  act  of  Congress  must  be,  to  a  certain  extent,  detrimental 
to  the  interests  of  the  citizens  of  Washington  and  Georgetown. 

The  street-cars  and  chariots  now  have  to  cross  Bock  Greek  bv  the  M 
street  bridge,  and  reach  Pennsylvania  avenue  by  way  of  Twenty-sixth 
street  west,  which  is  a  comparatively  narrow  street,  80  feet  wide,  and  its 
grade  much  steeper  than  that  of  Pennsylvania  avenue  from  Bock  Creek. 
Freight  of  all  kiuds,  including  lumber,  stone,  brick,  farm-produce,  &c, 
has  to  cross  Bock  Creek  by  either  K,  M,  or  P  street  bridge.  Neither  of 
these  routes  has  as  easy  grades  as  those  by  way  of  Pennsylvania  avenue. 

In  view  of  the  restrictions  authorized  by  Congress  to  be  placed  upon 
the  travel  over  this  bridge,  I  am  of  opinion  that  if  they  are  continued 
in  force  the  interests  of  the  United  States  do  not  at  present  demand 
any  increase  of  the  width  of  the  roadway  and  of  the  footway  of  the 
bridge;  but  I  am  further  of  opinion  that  the  present  and  prospective 
interests  of  the  citizens  of  Washington  and  Georgetown  do  demand  an 
increase  in  the  width  of  the  roadway  and  of  the  footway,  the  present 
width  beiug,  of  the  roadway  only  17  feet,  and  of  the  footways  4J  feet 
each. 

The  abundant  strength  and  stiffness  of  the  present  bridge,  under  any 
statical  or  moving  loads  that  are  likely  to  be  placed  upon  it,  are  clearly 
shown  by  the  investigations  of  the  Board  of  Engineers,  as  detailed  in 
its  report  of  April  7,  1877,  and  I  agree  with  it  as  to  the  manner  in 
which  the  widening  of  the  road  and  footway  should  be  accomplished, 
should  it  be  decided  to  increase  their  width,  namely,  by  the  addition  of 
two  arched  iron  ribs,  similar  to  those  of  the  present  bridge,  and  by 
widening  the  abutments.  The  estimated  cost  of  widening  the  bridge 
in  the  manner  above  stated  is  $75,000. 

Very  respectfully,  your  obedient  servant, 

Thos.  Lincoln  Casey, 
Lieutenant- Colonel  of  Engineers* 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  &  A. 
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SURVEY  OF  THE  NORTHERN  AND  NORTHWESTERN  LAKES 

AND  THE  MISSISSIPPI  RIVER. 

ANNUAL  REPORT  OF  MAJOR  C.  B.  COMSTOCK,  CORPS  OF  ENGINEERS,  FOR 

the  fiscal  year  ending  june  30,  1377. 

Office  United  States  Lake  Survey, 

Detroit,  Mich.,  June  1,  1877. 

General:  I  have  the  honor  to  report  the  progress  of  the  surveys  of 
the  northern  and  northwestern  lakes  and  the  Mississippi  River,  from 
July  1,  1876,  to  June  1,  1877. 

LAKE  ERIE. 

At  the  date  of  my  last  report  the  reconnaissance  for  the  primary  tri- 
angulation  had  been  carried  as  far  west  as  Cleveland.  During  the  year 
this  reconnaissance  has  been  extended  west  to  the  vicinity  of  Sandusky 
by  Assistant  Engineer  G.  A.  Marr,  who  again  took  the  field  this  spring 
on  May  1,  and  is  now  extending  it  to  the  west  end  of  Lake  Erie.  The 
reading  of  the  angles  of  the  primary  triangulation  was  continued  by 
Assistant  Eugineers  Wisner,  Flint,  Woodward,  and  Darling,  who  car- 
ried the  work  from  Westfield,  N.  Y.,  to  the  vicinity  of  Painesviiie,  Ohio, 
although  some  of  the  angles  remain  to  be  read. 

The  topography  and  inshore  hydrography  were  carried  by  the  parties 
of  Assistant  Engineers  Lamson,  Towar,  and  Terry  from  Ashtabula, 
Ohio,  to  Vermillion,  Ohio,  and  the  offshore  hydrography,  which  was 
carried  on  by  Lieut.  P.  M.  Price  with  the  steamer  Ada,  made  the  same 
progress. 

On  account  of  the  late  date  of  the  passage  of  the  appropriation  bill, 
parties  could  not  be  sent  into  the  field  till  early  in  August,  1876,  and 
were  withdrawn  late  in  October,  or  in  November.  Some  of  the  best  part 
of  the  season  for  field-work  was  thus  lost,  less  progress  was  made,  and 
the  cost  was  increased. 

On  May  8  and  10,  1877,  the  triangulation  parties  of  Assistant  Engi- 
neers Wisner  and  Woodward,  the  shore  parties  of  Assistant  Engineers 
Lamson,  Towar,  and  Terry,  aud  the  steamer  Ada,  commanded  by  Lieut. 
D.  W.  Lock  wood,  were  sent  into  the  field,  and  are  now  continuing  the 
work  westward  from  where  it  closed  last  fall. 

STATE   OF  MICHIGAN. 

The  determination  of  points  in  aid  of  State  surveys  has  been  con- 
tinued, latitudes  being  observed  with  a  zenith-telescope,  and  longitudes 
being  determined  by  telegraphic  connection  with  the  lake  survey  ob- 
servatory at  Detroit. 

Capt.  H.  M.  Adams  observed  at  Detroit,  and  Lieutenant  Lockwood,  in 
August,  1876,  occupied  the  stations  Willow  Spriugs,  111.,  Saint  Louis  and 
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Saginaw,  Mich.,  observing  the  magnetic  elements  also  at  each  of  these      1*1 
stations.    The  stations  for  the  primary  triangulation  to  connect  Lakes      »^ 
Michigan  and  Erie  having  been  erected  for  a  distance  of  one  hundred 
miles  east  from  the  south  end  of  Lake  Michigan,  Lieut.  P.  M.  Price  and 
Assistant  Engineer  A.  R.  Flint  took  the  field,  to  measure  the  auglesof 
this  tiiaugulation,  on  May  8,  1877. 

MISSISSIPPI  RIVER. 

Early  in  November,  1876,  Lieuts.  D.  W.  Ijockwood  and  P.  M.  Prie^> 
and  Assistant  Engineer  F.  M.  Towar,  were  sent  to  Cairo  to  begin  a  sur- 
vey of  the  Mississippi  River  from  Cairo  south. 

Lieutenant  Lockwood  was  instructed  that  the  objects  of  the  sarv^J 
were  to  obtaiu  a  good  map  of  the  river,  to  get  data  for  any  improve- 
ments needed  for  the  purposes  of  navigation,  and  to  obtain  the  dat;^ 
needed  for  the  location  of  levees. 

He  was  instructed  to  base  the  topographical  surveys  on  a  secondare 
triangulation,  so  that  the  work,  when  once  done,  might  be  the  reliable 
base  for  all  future  partial  surveys;  to  leave  numerous  permanent  stou^" 
marks,  to  which  future  changes  might  be  referred,  these  marks  heit*l|, 
determined,  both  in   position  and  height;  to  run  continuous  lines  c^* 
levels  along  one  or  both  banks,  and  to  run  level  lines  back  from  tl»** 
river  once  in  a  mile,  so  as  to  locate  contour  lines  for  each  three  feet 
elevation,  with  the  aid  of  any  intermediate  stadia-work.     He  was  als 
to  obtain  information  as  to  the  character  of  the  bed  and  banks  of  tut 
river,  and  the  heights  at  different  points  of  the  highest  knotvn  flood 
Lieutenants  Lockwood  and  E^ice  measured  a  secondary  base-line,  an 
read  the  angles  ot  the  secondary  triangulation.     Lieutenaut  Loekwoo 
determined  the  latitude  of  a  point  in  Cairo  by  two  nights'  work  with 
zenith-telescope,  the  azimuth  of  a  triangle-side  by  six  nights'  work  wit 
a  12-inch  theodolite,  and,  in  connection  with  Captain  Adams,  at  Detroit^ 
determined  lougitude  by  two  uights'  work. 

The  topographical  party  uuder  Mr.  Towar  carried  the  topography  an 
hydrography  ot  the  river  from  a  poiut  five  miles  above  the  junction  o 
the  Ohio  and  the  Mississippi  toap<  iut  eight  miles  above  Columbus,  Ky 

As  the  work  could  only  be  dune  well  during  the  low  river,  which  coin 
in  the  late  fall  aud  winter,  and  as  the  winter  was  very  cold,  with  much 
ice  in  the  river,  the  progress  was  slow;  there  was,  moreover,  but  little 
money  available  for  the  work. 

A  line  of  levels  of  precision  was  run  from  Cairo,  111.,  to  Columbus, 
Ky.,  by  Assistant  Engineers  Lehnartz  and  L.  L.  Wheeler. 

Ju  previous  work  the  lines  have  been  leveled  in  duplicate  by  differ- 
ent observers,  with  ditfereut  instruments.  To  avoid  the  delay  arisiug 
from  the  duplication  qf  the  work,  I  have  tried  in  a  part  of  this  line  a 
different  method,  which  seems  to  furnish  all  necessary  checks  on  errors. 

Two  lines  of  levels  are  carried  on  the  two  sides  of  the  road  simulta- 
neously, by  one  observer,  with  one  instrument.  On  one  side  of  the  road 
a  rod  is  used,  which  is  numbered  from  top  to  bottom  ;  on  the  other  side, 
the  rod  used  is  uu inhered  from  bottom  to  top. 

All  readings  on  one  side  are  taken  first,  aud  notes  of  the  two  lines  are 
kept  in  separate  books. 

One  leveler  makes  about  two  thirds  the  progress  that  two  would, 
working  iu  duplicate. 

MISCELLANEOUS. 

The  determination  of  the  heights  of  the  great  lakes  above  mean  tide 
at  New   York  City  has  been  continued.     A  line  of  levels  has  beeu  run 
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independently,  in  duplicate,  from  Escanaba,  on  Green  Bay,  to  Marquette, 

on  Lake  Superior,  to  determine  the  difference  of  elevation  of  Lakes 

Michigan  and  Superior. 
The  work  was  of  the  kind  known  as  levels  of  precision,  the  Kern  levels 

and  rods  being  used.    The  two  lines,  on  reaching  Marquette — distant  65 

miles  from  Escanaba — differed  by  31.4  millimeters,  and  the  greatest 
difference  between  the  results  of  the  two  lines  at  any  intermediate  point 
was  41.8  millimeters.  The  elevation  of  the  highest  intermediate  refer- 
euce-point  above  Lake  Superior  was  190  meters.  The  resulting  height 
of  mean  surface  of  Lake  Superior  from  January  1,  1871,  to  December 
31,  1875,  above  mean  surface  of  Lake  Michigan  from  January  1, 1860,  to 
December  31,  1*75,  was  6.249  meters,  or  20.50  feet. 

To  complete  this  work,  there  only  remained  the  line  from  Lake  Erie  to 
Lake  Huron  to  bereleveled.  Assistant  Engineers  F.  W.  Lehnartz  aud 
L.  Li.  Wheeler  have  just  completed  tliis  work.  A  preliminary  reduction 
gives  mean  level  of  Lake  Huron  8  35  feet  above  mean  level  of  Lake  Erie, 
from  January  1,  1860,  to  December  31,  1875. 

Neglecting  for  the  present  the  slight  difference  of  level  of  Lakes 
Michigan  aud  Hurou,  which  probably  does  not  exceed  one  or  two  tenths 
of  a  foot,  we  have,  as  a  preliminary  value  correct  to  the  uearest  foot, 
the  mean  level  of  Lake  Huron  582  feet,  aud  of#Lake  Superior  602  feet 
al>ove  mean  tide  at  New  York. 

-At  the  request  of  Capt.  W.  S.  Stanton,  United  States  Engineers,  Capt. 
E-  M.Adams  observed  here,  iu  connection  with  Captain  Stauton,  for 
telegraphic  difference  of  longitude  between  Fort  Fetrerman,  Wyoming, 
at*ci  Detroit.  At  a  similar  request  from  Lieut.  W.  Hoffman,  the  lougi- 
tttcies  of  Forts  Stockton,  Concho,  and  McKavett,  in  Texas,  were  deter- 
mined ;  Captain  Adams  observing  at  Detroit,  and  Lieutenant  Hoffman  at 
the  Texas  stations. 

The  observation  of  water  levels  of  the  lakes  has  been  continued  at 
jacket's  Harbor  and  Charlotte,  N.  Y. ;  at  Erie,  Pa.,  and  Cleveinud, 
^hio;  at  Detroit,  Port  Austiu,  Sault  Ste.  Marie,  and  Escanaba,  Mich., 
a**d  at  Milwaukee,  Wis. 

OFFICE  WORK. 

During  the  winter  the  reductiou  and  plotting  of  the  summer's  work 
°*i  Lake  Erie  has  nearly  been  completed,  giving  21  autiquarian  sheets 
af  detailed  topography  and  hydrography. 

The  plotting  of  the  field-work  on  the  Mississippi  Kiver  has  been 
b^gun. 

The  longitude,  latitude,  azimuth,  and  magnetic  work  at  Willow 
springs,  HI.,  Saginaw  and  Saint  Louis,  Mich.,  and  Cairo,  111.,  has  been 
r^«iuced. 

The  longitude-work  in  connection  with  Fort  Fetterman,  Wyo.,  and 
*^orts  Stockton,  Concho,  and  McKavett,  Tex.,  has  been  reduced. 

The  determination  of  the  coustauts  of  the  Kepsold  base  apparatus  has 
**een  begun. 

The  Clarke  yards  have  been  compared  with  each  other  at  a  tempera- 
ture near  47°  F. 

The  five  bases,  measured  with  the  Bacbe-Wurderaann  apparatus,  have 
been  recomputed,  a  method  being  used  which  estimates  the  effect  of  the 
difference  of  temperatures  ot  the  iron  and  brass  bar  iu  the  apparatus. 

The  levels  of  precision  between  Escanaba  and  Marquette,  Mich.,  have 
be«*n  reduced. 

The  primary  triangulation  from  the  Sandy  Creek  base  at  the  east  end 
of  Lake  Ontario  to  Tonawanda,  N.  Y.,  has  been  adjusted. 
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During  the  year  Mr.  Mueller  has  nearly  completed  the  chart  of  Lalc:< 
Ontario ;  scale,  r^^. 

Mr.  Molitor  has  completed  the  chart  of  Detroit  Biver,  scale  T5J6- 
which  has  been  photolithographed. 

Mr.  Fisher  has  completed  coast-charts  Eos.  1  and  3,  of  Lake  Michig* 
on  a  scale  of  ^ J^6.    No.  1  extends  from  Portage  to  Manitowoc,  an< 
No.  3  embraces  the  vicinity  of  Milwaukee.    Both  have  been  pho! 
lithographed. 

Mr.  Witzleben  has  nearly  completed  coast-chart  No.  1,  of  Lake  Onti 
rio;  scale  ^i^. 

Mr.  Wansleben  has  completed  coast-chart  No.  2,  of  Lake  Michigai 
scale  ttlw  embracing  tjie  vicinity  of  Sheboygan,  and  has  nearly  coieb-- 
pleted  coast-chart  No.  7,  of  Lake  Michigan. 

No.  2  has  been  photolithographed.    Mr.  Von  flippel  has  complett 
coast-chart  No.  5,  of  Lake  Michigan,  extending  from  New  Buffalo  t> 
Chicago,  on  a  scale  of  ^o£ofl>  an<*  ^as  nearly  completed  coast-chart  N 
4,  Lake  Michigan  ;  scale,  ^ow 

Mr.  Franke  has  completed  chart  No.  6,  Saint  Lawrence  River,  err* 
bracing  the  Thousand  Islands,  on  a  scale  of  soothf*  which  has  bee 
photolithographed.    He  has  also  nearly  completed  coast  chart  No.  6,  oJ 
Lake  Michigan  ;  scale,*^^. 

The  following  table  gives  a  resume  of  the  field-work  done  betwee 
May  1,  1876,  and  May  1,  1877 : 

Surveys  of  northern  and  northwestern  lakes  and  Mississippi  River. 

Longitudes  determined  telegraphically &\ 

Latitudes  determined 3 

Primary  triangulation  stations  occupied 1-* 

Secondary  triangulation  stations  occupied l4 

Miles  of  developed  shore-line 20^ 

Square  miles  of  topography 15^ 

Square  miles  of  inshore  hydrography 153 

Antiquarian  sheets  of  topography  and  inshore  hydrography  plotted  during  winter.  2  & 

Sheets  of  shore  hydrography 22 

Lines  of  deep-sea  soundings,  Lake  Erie <5 

Miles  of  precise  leveling,  in  duplicate 90 

Stations  occupied  for  determination  of  magnetic  constants "7 

Secondary  base-line  measured X 

Secondary  azimuth  determined X 

The  standards  of  length  of  the  lake  survey  have  now  been  well  deter- 
mined, and  will  probably  have  their  values  but  slightly  changed  in  fu- 
ture. A  description  of  them  and  a  discussion  of  their  values  is  therefor^ 
given  in  Appendix  A.  The  Keweenaw  base  having  been  recomputed* 
and  its  length,  in  terras,  of  the  15  feet  brass  bar  iu  melting  ice  havingf 
been  found,  a  summary  of  the  methods,  and  results,  is  given  in  Appeu- 
dixB. 

The  results  of  longitude  work  by  Capt.  H.  M.  Adams  are  given  m 
Appendix  0. 

The  results  of  longitude  work  by  Lieut.  D.  W.  Lockwood  are  given 
in  Appendix  D. 

The  results  of  magnetic  work  are  given  by  Lieut.  C.  F.  Powell  and 
T.  N.  Bailey  in  Appendix  E. 

An  accouut  of  the  leveling  of  precision  between  Escanaba  and  Mar- 
quette is  given  by  Assistant  Engineers  Lehnartz  aud  L.  L.  Wheeler  in 
Appendix  F. 

Results  of  continuation  of  water-level  observations  on  the  lakes  are 
given  in  Appendix  G. 
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Appendix  H  gives  a  list  of  the  published  charts  of  the  Lake  Survey, 
the  Dumber  of  charts  issued  in  different  years,  and  a  list  of  tracings 
furnished  to  different  persons. 

Appendix  I  gives  reports  of  chiefs  of  parties  showing  details  of  work. 

Three  sketches  are  forwarded  herewith  showing  the  general  progress 
of  the  Lake  Survey,  and  of  the  triangnlation  of  Lakes  Ontario  and  Erie. 

The  following  officers  have  beeu  under  my  command  during  the  past 
year :  Capt.  H.  M.  Adams,  First  Lieut.  D.  W.  Lockwood,  First  Lieut. 
C.  F.  Powell,  First  Lieut.  P.  M.  Price,  and  Second  Lieut.  T.  N.  Bailey. 
Lieutenant  Bailey  was  relieved  from  the  Lake  Survey  August  23, 1876. 

I  am  indebted  to  the  officers  and  assistant  engineers  of  the  Lake  Sur- 
vey for  hearty  co-operation  in  its  work. 

Estimate  of  funds  for  continuance  of  survey  of  northern  and  northwestern  lakes  and  Missis- 
sippi River ,  for  the  fiscal  year  ending  June  30,  1879. 

For  continuing  survey  of  Lake  Erie  for  determination  of  points  in  aid  of 
State  surveys  and  construction  of  maps ;  for  continuation  of  triangnla- 
tion sooth  from  Chicago  and  east  to  Lake  Erie ;  for  survey  of  Mississippi 
River  and  miscellaneous $218,500  00 

Details  as  follows : 

LAKE  ONTARIO. 

Construction  and  engraving  of  maps 6,000  00 

LAKE  ERIE. 

Completion  of  triangulation  and  measurement  of  base,  three  parties 24, 000  00 

Reduction  of  work,  construction  and  engraving  of  maps 10, 000  00 

LAKE  MICHIGAN. 

Continuation  of  triangulation  east  from  Mungo  and  south  from  Chicago ; 
three  triangulation  parties  and  publication  of  maps  30, 000  00 

MISSISSIPPI  river. 

Continuation  of  the  triangulation,  six  parties 24, 000  00 

Continuation  of  topography  and  hydrography,  six  parties 51, 000  00 

Continuation  of  levels,  three  parties 10, 500  00 

Purchase  of  steam-launches  and  quarter- boats 18,000  00 

Seduction  of  work,  construction  and  publication  of  maps 20, 000  00 

MISCELLANEOUS. 

For  water-level  observations ;  quarters  and  fuel  for  officers  ;  determina- 
tions of  points  in  aid  of  State  surveys ;  office-rent,  fuel,  stationery,  in- 
struments, and  miscellaneous 25,000  00 

218, 500  00 

Very  respectfully,  your  obedient  servant, 

C.  B.  Comstock, 
Major  of  Engineers,  Bvt.  Brig.  Gen.,  U.  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 


IL— REPORT  OF  CAPTAIN  H.  M.  ADAMS,  CORPS  OF  ENGINEERS. 

Office  United  States  Lake  Survey, 

Detroit,  Mich.,  June  30, 1877. 

General  :  I  have  the  honor  to  report  the  following  progress  in  the 
Bnrvey  of  northern  and  northwestern  lakes  and  the  Mississippi  River 
for  the  months  of  May  and  Jane,  1877. 
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LAKE  ERIE. 

The  reconnaissance  for  primary  triangulation  has  been  extended  from 
Sandusky,  Ohio,  to  the  west  end  of  Lake  Erie.  The  reading  of  the  an- 
gles of  this  triangulation  has  been  continued  from  Paiuesville,  Ohio, 
and  has  been  completed  as  far  west  as  Cleveland,  Ohio. 

The  topography  and  inshore  hydrography  has  been  continued  from 
Vermillion,  Ohio,  west  to  Scott's  Point,  Ohio,  including  Kelley's  Island, 
Point  Pel6e  Island,  the  Bass  Islands,  East. Sister  Island,  and  the  adja- 
cent reefs  and  shoals. 

The  offshore  hydrography  has  been  extended  west  and  north  from 
Vermillion,  Ohio,  to  Monroe,  Mich.,  by  Lieut.  D.  W.  Lockwood,  United 
States  Engineers. 

LAKE  MICHIGAN  AND   STATE  OF  MICHIGAN. 

The  angles  of  the  primary  triangulation  connecting  Lake  Michigan 
and  Lake  Erie  have  been  read  at  stations  Michigan  City,  Bald  Tom, 
and  Bertrand. 

The  measurement  of  a  base-line  has  been  commenced  at  Summit,  111. 

MISSISSIPPI  RIVER. 

Lieut.  C.  F.  Powell  was  sent  to  Memphis,  Tenu.,  May  30,  to  make  ob- 
servations for  longitude,  latitude,  and  azimuth  ;  to  select  a  site  for  a 
base-line,  and  make  a  reconnaissance  for  triangulation  south  of  Mem- 
phis. 

The  longitude  work  at  Memphis,  in  connection  with  observations  at 
Detroit  by  Captain  Adams,  has  been  completed.  Observations  for  lati- 
tude at  Memphis  have  also  been  completed. 

OFFICE-WORK. 

Coast-charts  Nos.  4  and  6,  Lake  Michigan,  have  been  completed. 
Number  of  lake-survey  charts  issued  during  the  month  of  June,  1877, 
420. 
Total  for  year  ending  June  30,  1877,  3,156. 

Financial. 

Amount  expended  daring  the  fiscal  year  ending  June  30,  1877 $19, 778  46 

Amount  available  July  1,  ld77 99,747  77 

Amount  required  for  fiscal  year  ending  Juue  30,  1879 21b,  500  00 

(See  also  report  of  Maj.  C.  B.  Com  stock  dated  June  I,  1877.) 

Very  respectfully,  your  obedient  servant, 

H.  M.  Adams, 
Captain  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


Appendix  A. —  Standards  of  length  op  united  states  lake  survey. 

$  1.  The  standards  of  length  of  the  lake  survey  are — 

1.  Two  steel-end  measure  yards,  known  as  Clarke  yards  A  and  B. 
Tht^y  have  the  letters  A  and  B  engraved  on  them. 

2.  An  inch  graduated  to  tenths,  and  one-tenth  to  hundredths,  on  a  slip  of  platinum 
let  into  the  upper  surface  of  a  steel  bar  one  inch  square  aud  an  inch  and  a  half  long. 

3.  On  the  preceding,  which  are  the  standards,  depend  the  lengths  of  a  brass  bar  15 
feet  long ;  aiid 

4.  The  lengths  of  five  brass  yards,  used  in  determining  the  length  of  the  15-foot  brass 
bar. 
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$2.   CLARKE   YARDS  A   AND   B. 

These  yards  are  bare  of  steel,  0.73  inch  in  depth  and  0.50  inch  in  thickness.  The  ends 
are  cyliuders,  0.35  inch  in  length  aud  0.25  iuch  in  diameter,  co-axial  with  the  bard. 

The  ends  of  the  cylinders  have  agates  firmly  set  in  each,  the  surfaces  of  these  stones 
being  spherical  surfaces,  whose  centers  ate  at  the  opposite  eudsof  the  yards. 

The  standard  distance  is  that  between  the  central  points  of  thes->  sin  ill  end  surfaces. 

Each  yard  i*  iu closed  iu  au  iron  box,  slightly  larger  than  itself,  the  b  >x  having  a 
hinged  cover  and  sliding  ends.  In  the  bottom  of  each  box  are  two  equal  levers,  mov- 
ing about  horizontal  axes  at  their  centers,  the  en  Js  of  ttie  levers  thus  giviug  four 
points  of  support  for  the  yard  resting  on  them,  aud  bearing  equal  pressures,  these 
points  of  support  beiug  at  5.2  inches  and  10.9  inches  from  either  end  of  yard.  Four 
Fahrenheit  mercurial  thermometers  accompany  each  yard,  whose  bulbs  lie  iu  niches  for 
them  in  the  interior  sides  of  the  iron  boxes;  their  stems  are  bent  at  right  angles,  aud 
are  rad  through  slits  in  the  iron  lids. 

These  yards  are  from  a  design  suggested  to  me  by  Lieut.  Col.  A.  R.  Clarke,  Royal  En- 
gineers.   They  were  constructed  by  James  Sitnnn,  of  Loudon,  iu  1873. 

Yard  A  was  compared  by  Lieutenant-Colonel  Clarke  at  the  ordnance  survey  office 
at  Southamp  on  with  the  standard  yard,  Y^of  the  ordnance  survey,  eight  times  in 
fonr  days  iu  May,  1874,  the  temperature  being  between  513  aud  52°  F.,  aud  ten  times 
in  July,  1874,  iu  four  days,  the  temperature  being  between  62°  aud  64°  F. 

Yard  B  was  compared  eight  times  with  YM  iu  three  days  of  May,  1874,  at  tempera- 
tares  near  53°,  and  ten  times  in  four  days  of  July,  1874,  at  temperatures  between  01°  7 
and  62°  8. 

The  co-efficients  of  expansion  of  both  A  and  B  were  determined  by  Colonel  Clarke. 
The  method  used  was  to  compare  the  yards  with  each  other,  oue  beiug  kept  at  a  high 
temperature  by  beiug  placed  in  a  box  between  tanks  filled  with  hot  water  at  a  steady 
temperature,  while  the  other  was  between  tauks  filled  with  cold  water.  The  methods 
were  essentially  the  same  as  those  described  iu  Colouel  Clarke's  work  on  "  Comparisons 
of  Standards  of  Length." 

A  at  auont  91°  F.  was  compared  ten  times  in  three  days  with  B  at  abont  34°,  and 
ten  times  in  two  days  with  B  at  about  57°.  It  was  compared  ten  times  in  two  days 
at  about  34°  F.  with  B  at  about  94u ;  teujimes  in  two  days  at  55°  with  B  at  91° ;  and 
ten  times  in  two  days  at  56°  with  B  at  57°. 

These  expausion-comparisons  extended  from  April  18  to  May  1,  1874. 

The  four  thermometers  acoompanying  each  yard  were  carefully  compared  by  Colonel 
Clarke  with  the  ordnance-survey  standard  3241,  and  their  errors  determined. 

The  comparison*  of  A  and  B  with  the  ordnance-survey  standard  Y»  were  each  com- 
bined by  least  squares  to  obtain  the  lengths  of  A  and  B  at  62°.  The  expansion-com- 
parisons were  combined  in  the  same  way,  and  from  them  the  co-efficients  of  expansion 
of  the  two  yards  were  obtaiued. 

The  following  are  Colonel  Clarke's  results  : 

Length  of  A  at  62°  F.  in  yards,  A =07.99997695  ±  0.00000013. 
Length  of  B  at  62°  F.  in  yards,  B  =  0  .999J7 111  -[-0.00000016. 
Expausion  for  1°  F.  of  A  in  yards,  Ox.0000058740  ±  0.0000000195. 
Expansion  for  1°  F.  of  B  in  yards,  0  .0000058103  ±  0.0000000197. 

In  inches,  the  above  values  become — 

Length  of  A  at  62°  F.,  A  =  35^.999170^  0.0000047. 
Length  of  B  at  62c  P.,  B  =  35  .998960  J-  0.0000058. 
Expansion  for  1°  F.  of  A  =  0,n.0002 11 46  -J-0  00000070. 
Expansion  for  1°  F.  of  B  ==  0   .00021917  ±  0  00C00O71. 

The  details  of  the  comparisons  are  given  in  the  lake-survey  report,  embodied  in  tli3 
Report  of  the  Chief  of  Engineers  for  1875. 

$  3.   STANDARD   INCH. 

As  accurate  values  of  the  micrometer-screws  used  in  comparisons  of  leugths  are  in- 
dispensable, a  standard  inch  was  obtained  from  Mr.  Sitnnn,  of  London,  for  such  deter- 
minations. It  is  divided  into  tenths,  aud  the  last  tenth  (from  0iu  9  to  llu.0)  is  divided 
iuto  hundredths.  E  u-h  of  the  tenths  aid  each  of  the  hundredths  had  its  value 
determined  by  comparison  with  the  ordnance-survey  standard  foot,  by  C  donel  Clarke. 
On  this  iuch  depend  the  values  of  the  inicrometer-screws  used  iu  all  comparisons. 

Colouel  Clarke's  values  of  the  different  divisions  may  be  found  in  the  Jake-Harvey 
Report,  embodied  in  Report  of  Chief  of  Engineers  for  1876. 

J  4.  FIFTEEN-FOOT  STANDARD  BAR. 

This  bar  is  a  brass  bar  abont  15  feet  in  length,  its  cross-section  being  lin.l  by  0ln.33. 
In  each  end  an  agate  plate  has  been  inserted  in  a  dovetail,  and  is  held  in  position  by 
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burnishing  the  brass  down  upon  it.    The  outer  face  of  the  agate  plate  coincides  with 
the  end  of  the  bar. 

On  one  broad  face  and  near  one  end  there  is  stamped  "  U.  S.  standard,  15  feet  0.0018 
inches  at  62°  Fah.  From  yards  Nos.  41,  42, 43, 44, 45.  Expansion  for  1°  Fah.  0.0017  of 
an  inch."  The  length  of  this  bar  is  the  distance  between  the  middle  points  of  the 
agate  planes,  when  the  stamped  face  being  vertical  and  the  inscription  right  side  op, 
that  top  edge  which  is  farthest  from  an  observer  reading  the  inscription  is  a  straight 
line. 

This  15-foot  bar  appears  to  have  been  received  by  the  lake  survey  in  1852  with  the 
Bache-WUrdemann  base  apparatus.  . 

The  agate  planes  were  not  put  in  the  ends  of  the  bar  till  the  winter  of  1865- '66. 
They  of  course  gave  a  new  length  to  the  bar.  Nothing  is  known  of  the  method  by 
which  the  expansion  of  the  bar  for  1°  F.,  which  is  stamped  on  it,  was  obtained.  It 
is  only  an  approximation  to  the  true  value.  The  length  of  the  bar  stamped  on  it,  of 
course,  is  now  incorrect. 

In  reference  to  the  term  "  U.  S.  standard/1  it  may  be  remarked  that  at  one  time  the 
United  States  Treasury  Department  adopted  the  distance  at  62°  F.  between  the  27th 
and  63d  inch,  on  a  brass  82-inch  scale,  by  Troughton  and  Si  mm  9,  belouging  to  the 
Coast  Survey,  as  a  United  States  standard  yard.  Subsequently  it  was  found  that  this 
so-called  United  States  standard  differed  by  about  one-thousandth  of  an  inch  from  the 
standard  yard  of  England.    ' 

By  law  of  28th  July,  1866,  Congress,  in  legalizing  the  metrical  system,  adopted  in 
round  numbers  the  ratios  which  exist  betweeu  the  English  and  French  standards  of 
length,  thns  assuming  that  the  yard,  foot,  and  inch  of  the  United  States  are  the  same 
as  those  of  Great  Britain.  Hence,  whenever  these  units  are  used  in  this  paper  the 
standards  to  which  they  refer  are  those  of  Great  Britain. 

The  length  of  the  15- foot  brass  bar  was  derived  from  comparison  with  the  five  brass 
yards  L.  S.,  Nos.  6, 7, 8. 9, 10,  placed  end  to  end  in  a  right  line,  and  inclosed  in  a  long  nar- 
row box,  to  prevent  rapid  changes  of  temperature,  the  15-foot  bar  being  in  the  same  box 
beside  and  within  2  inches  of  the  yards. 

$  5.  FIVE  BRASS  YARDS. 

These  yards,  used  in  determining  the  length  of  the  15-foot  bar,  were  constructed  for 
the  lake  survey  at  the  office  of  weights  aud  measures  in  Washington,  in  1871,  under 
the  direction  of  Mr.  J.  E.  Hilgard.  They  are  all  similar  brass  bars,  and  are  marked 
respectively  L.  S.,  No.  6,  7,  8,  9,  10. 

These  yards  are  prisms  one  inch  wide  by  six-tenths  of  an  inch  thick  and  thirty-four 
and  seven-tenths  inches  long,  having  at  each  end  an  axial  cylinder  four-tenths  of  an 
inch  in  diameter  and  six-tenths  of  an  inch  long.  In  the  ends  of  these  cylinders  agates 
are  held  by  the  brass,  which  is  burnished  down  on  them.  The  end  surfaces  of  the 
agates  are  ground  to  a  radius  of  4  inches,  the  center  of  the  sphere  being  in  the  axis  of 
the  bar.  The  distance  between  the  middle  points  of  these  agate  dinks  is  taken  as  the 
length  of  the  yard.  These  points  are  by  construction  iu  the  prolongations  of  the  axes 
of  the  end  cylinders. 

The  values  of  these  yards  and  their  relative  expansions  have  been  determined  by 
comparisons  with  each  other  and  with  the  Clarke  yards  A  and  B  at  various  times  and 
widely-differing  temperatures. 

$  6.  COMPARATORS. 

The  comparators  used  are  contact-level  comparators,  one  by  WUrdemann  aud  one  by 
Stack  pole.  In  each,  a  micrometer-screw  moves  in  its  own  direction,  a  slide  carrying 
the  supports  of  a  level  having  horizontal  trunnions,  which  turn  on  the  points  of  two 
steel  screws;  a  vertical  arm  projecting  from  the  under  side  of  the  level  is  in  contact 
with  one  end  of  a  sliding  piece  of  steel,  which  at  its  other  end  abuts  against  the  stand- 
ard undergoing  comparison,  and  moves  parallel  to  the  micrometer-screw  on  grooved 
rollers. 

One  end  of  the  level  is  heaviest  by  an  ounce  or  two,  so  that  by  the  vertical  arm 
underneath  it  the  slidiug  piece  is  pressed  with  constant  pressure  against  the  end  of  the 
standard  under  comparison. 

Any  slight  motions  of  this  sliding  piece  can  be  read  on  the  level  by  reading  its  bub- 
ble ;  larger  motions  up  to  1  inch  are  read  by  moving  the  slide  which  carries  tbe  level 
by  turning  the  micrometer-screw  till  the  bubble  is  near  the  middle  of  the  level,  and 
then  reading  tbe  level,  the  micrometer-head,  and  an  inch  scale  on  the  slide.  The  value 
of  one  division  of  tbe  micrometer-head  is  approximately  0iu.0001,  and  of  the  level 
about  0,n.00001  for  the  WUrdemann  comparator.  One  turn  of  the  WUrdemann  screw  is 
approximately  0in.02  and  of  the  Stackpole  screw  approximately  0,n.01. 

In  comparisons  of  two  end-measure  yards,  the  two  comparators  are  mounted  on  a 
stout  timber,  so  that  their  sliding  pieces  shall  be  horizontal  with  axes  in  the  same 
straight  line,  tbe  outer  euds  of  the  sliding  pieces  being  nearly  a  yard  apart.    Tbe 
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centers  of  the  ends  of  the  yards  are  then  brought  alternately  between  these  sliding 
pieces,  and  the  microineter-heads  are  turned  till  the  bubble  is  in  the  middle;  both 
levels  and  micrometers  are  then  read.  The  same  being  done  for  the  second  yard,  the 
difference  of  readings  gives  the  difference  of  length.  The  Stackpole  comparator  is  kept 
as  nearly  at  a  constant  reading  as  possible,  thus  throwing  the  measurement  on  the 
Wiirdemann  comparator,  which  has  the  best  level.  For  comparisons  of  15  feet  bars  the 
same  process  is  used,  save  that  the  comparators  are  then  mounted  on  stable  stone  posts 
entirely  disconnected  with  the  floor  on  which  the  observer  stands. 

As  in  expansion-experiments  quantities  of  nearly  0in.l  have  to  be  measured,  it  is 
necessary  to  know  the  absolute  values  of  one  turn  of  the  micrometer-screws  and  their 
periodic  errors,  with  precision.  These  have  been  determined  for  the  parts  of  the  screws 
used,  and  the  resulting  values  have  been  used  in  reductions. 

The  absolute  values  of  one  turn  of  the  micrometer-screws  were  determined  by  mount- 
ing the  standard  inch  ou  the  comparator  slide,  and  observing  its  successive  divisions 
with  a  microscope  as  the  micrometer-screw,  which  was  read  at  each  observation,  moved 
them  through  the  field. 

The  Wiirdemann  comparator  should  be  used  only  in  the  vicinity  of  or  between  the 
scale-readings,  0ln.l  and  0,n.2. 

At  Oin.ll  its  indications  are  to  be  multiplied  by  1.004  to  reduce  them  to  inches.  At 
this  point  the  value  of  one  revolution  increases  with  increased  reading  at  the  rate 
of  Tsico"  P»rt»  of  its  value  per  turn.  Periodic  error  between  0,n.l  and  0in.2  scale- 
read  iug  has  a  maximum  effect  on  either  side  of  the  mean  of  0in.00003  or  a  total  range 
of  0»n.00006. 

The  periodic  error  was  first  determined  by  Bessel's  method  by  Lient.  Lock  wood, 
in  1874,  and  a  later  redetermination  gave  nearly  the  same  value. 

The  readings  of  the  Stackpole  comparator  at  0iu.47  are  to  be  multiplied  by  1.003  to 
red  ace  them  to  inches. 

The  value  of  one  turn  diminishes  at  the  rate  of  ^Iujj  part  of  its  value  per  turn  as 
the  readings  increase. 

The  periodic  error  of  the  screw  amounts  to  0in. 000019  on  each  side  of  the  mean,  or 
has  a  total  range  of  0'". 000038. 
•    This  screw  is  mainly  used  between  the  scale-readings  0in.4  and  0in.5. 

$  7.   THERMOMETERS. 

The  thermometers  on  which  the  results  in  this  paper  depend  are  the  following : 

1st.  Standard  No.  230,  made  by  Troi  ghton  &  Simms,  1871. 

2d.  Casella  standards  Nos.  21472,  2147J,  21474,  21475,  21476. 

3d.  Four  thermometers,  marked  Ai,  A*,  A3,  A«,  made  by  Simms,  to  accompany  Clarke 
yard  A. 

4th.  Four  thermometers,  marked  Bi,  Rj,  B3,  B4,  made  by  Simms,  to  accompany  Clarke 
yard  B. 

Standard  230  has  a  bulb  0in.88  long  and  0in.22  diameter. 

It  is  graduated  from  20°  to  220°  F.,  in  degrees,  one  degree  having  a  length  of  0in.067. 

In  the  Casella  thermometers,  the  length  of  the  bulb  is  1.0  inch  and  its  external  diam- 
eter is  0in.31.  The  stem  is  giaduated  lrom  21°  to  129°  F.,  into  half -degrees,  and  a  de- 
gree is  0In.l2  in  length. 

In  ths  A  and  B  thermometers,  the  stem  is  bent  at  right  angles  to  the  bulb,  which  is 
0la.6  long  and  0in.2  in  diameter.  It  is  graduated  to  degrees,  from  22c  F.  to  110°,  the 
length  of  one  degree  being  0*n.055. 

The  Casella  thermometers  having  greater  sensibility,  and  one  of  them,  No.  21472, 
having  been  carefully  studied  by  Prof.  H.  Ste.  Claire  Deville,  it  is  taken  as  the  stand- 
ard. Professor  Deville  states  that  it  has  no  errors  of  calibration  exceeding  0°.l ;  that 
at  16°  Cent.  (  =  60°.8  F.)  it  differed  from  a  tested  standard  of  great  perfection  by  but 
0°.02  and  but  0°.03  at  33°  C,  (  =  91°.4  F.) 

No.  230  was  compared  with  a  standard  at  Kew  Observatory  in  January,  1872,  and 
the  following  corrections  were  fouud  to  the  scale-readings,  the  stem  being  vertical: 

Scale-readiugs,  32°,  42°,  52°,  62°,  72°,  82°,  92°,  212°. 

Correct  ions,  —  0°.0,  —  0°.0,  -  0°.l,  —  0°.0,  +  0°.l,  +  0°.2,  +  0°.3,  +  0°.l. 

In  September,  1873,  its  freezing-point  was  redetermined ;  the  correction  to  32°  was 
then  — 0°.16.  On  November  17,  1873,  its  boiling-point  was  tested.  The  correction  to 
212°  was  +  0°.07,  and  on  November  18  the  correction  to  32°  was  +  0.02. 

December  19, 1873,  it  was — 0°.06 

January  6, 1874,  it  was — 0°.07 

March  8,  1875.it  was — -0°.24 

April  2,  I877,it  was — 0°.31 

Regnault's  methods  were  carefully  followed  ia  all  determinations,  and  numerous  de- 
terminations were  made  at  each  date.    The  stein  was  always  vertical. 
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As  this  thermometer  is  sometimes  used  horizontally,  its  error  at  32°  was  determined 
iu  both  positions  at  the  same  time ;  —  0°.08  should  be  added  to  the  vertical  correction 
at  32°  to  give  the  correction  at  32°  with  stem  horizontal. 

The  following  tables  give  the  corrections,  determined  at  the  Eew  Observatory  in 
January,  1875,  for  the  five  Casella  thermometers,  the  stems  being  either  horizontal  or 
vertical,  and  also  the  subsequent  determinations  of  the  freezing-points  made  at 
Detroit : 

Casella  thermometers,  Fahrenheit,  horizontal,  corrections  to  be  applied  to  scale-readings. 


Date. 


Kew,  Januarj-,  1875 

Do 

Do 

Do 

Do 

Do  

Detroit,  March,  1875 

Detroit,  December  23, 1875 
Detroit,  December  30, 1876 


30 
32 
35 
40 
45 
50 
32 
32 
32 


21472 


o 
-0.0 


-0.0 

-0.0 

+0.1 

+0.1 

+0.C6 

-0.01 

-0.04 


21473 


4-0 


+0 


--0 
-0 


1 

0.1 
.1 
0.1 
0.1 
.13 
08 


21474 


+  0.1 

ft! 

+  0.1 
+0.1 
+0.14 

+0.06 


21475       91476 


4-0.1 

-fo.i 

+0.1 

+01 
+0.1 

+  0  15 

4-0.07 


+0.1 

4-0.1 

+  0.1 
+  0.1 
+0.1 
+  0.13 
4-0.08 


Casella  thermometers,  Fahrenheit,  vertical,  corrections  to  be  applied  to  scate-raadings. 


Date. 


Kew,  January,  1875  . 

Do 

Do 

Do 

Do 

Detroit,  March  25, 1875  . 
Detroit,  January  18, 1877 


21472       21473 


21474 


o 

0.2 
0.2 
0.2 
0.2 
0.2 
0.18 


21475 


-f  0.2 
—  0.2 
--0.2 
--0.2 
--0.2 
--0.20 


21476 


o 

0.2 
0.2 
0.2 
0.2 
0.2 
0.16 


The  following  table  gives  the  corrections  to  be  applied  to  the  mean  of  the  four  A 
thermometers,  and  to  the  mean  of  the  four  B  thermometers,  to  reduce  their  mean  read- 
ings to  Ordnance  Survey  standard  3241,  a  thermometer  which  has  been  very  thor- 
oughly studied  by  Lieut.  Col.  Clarke,  who  has  given  his  methods  and  results  in  his 
work  on  comparison  of  standards  of  length. 

Colonel  Clarke  states  that  the  A  and  B  thermometers  were  compared  with  3241  with 
the  greatest  care.  The  table  contains,  besides  Colonel  Clarke's,  results,  the  results  of 
later  freeziug-point  determinations  at  the  lake  survey  office. 

Troughton  $  Simms  A\,  A2,  A3y  A4,  B\,  B2,  B3f  2f4,  horizontal  corrections  to  be  applied  to 

scale-readings. 


Date. 


Lieutenant  Colonel  Clarke,  April  15,  1674 
Litmtenant-Colone1  Clarke,  May  2,  1874. . 
Lieutenant-Colonel  Clarke,  April,  1874 

Do  

Do 

Do 

Do  

Detroit,  March,  1875 

Detroit,  December,  1875 


Mean  of 

A|,  Aj, 

A3,A4 

o 

o 

32 

—0.30 

32 

—0.28 

5-2 

—0.22 

55 

—0. 18 

57 

—0.17 

62 

—0.22 

93 

—0.17 

32 

-0.37 

32 

—0.40 

Mean  of 

o 

—0.28 
—0.24 
—0.13 
—0.11 
—0.13 
—0.17 
—0.13 
—0.34 
—0.38 


The  comparisons  which  fix  the  length  of  the  15  feet  brass  bar  and  its  expansion 
depend  almost  entirely  on  the  five  Casella  thermometers,  and  on  the  A  and  B  thermome- 
ters. As  the  corrections  of  the  A  and  B  thermometers  depend  on  ordnance  survey 
standard  3241,  while  those  of  the  five  Casella  thermometers  depend  on  a  Kew  standard, 
a  comparison  between  the  A  and  B  thermometers  and  the  Casella  thermometers  be- 
comes of  interest.    The  freezing-poiut  determinations,  of  course,  give  the  absolute 
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errors  of  the  32°  line.  Comparisons  were  made  between  the  standard  230  and  the  A 
and  B  thermometers  and  between  230  and  21472  in  January,  1876,  at  59°. 5  F.  This 
work  gives  ns  an  indirect  comparison  between  the  A  and  B  thermometers  and  21472. 

The  results  are  as  follows  : 

At  59°.S,  the  stems  of  the  thermometers  being  horizontal,  the  mean  of  the  readings 
of  Ai,  A2,  A3,  A<  having  had  Colonel  Clarke's  corrections,  and  also  the  corrections  for 
subsequent  change  of  freeziug- point  applied  to  it,  and  21472  having  had  the  Kew  cor- 
rection and  also  the  correction  for  subsequent  change  of  freezing-point  applied  to  it, 
21472  then  read  0°.06  F.  gTeater  than  the  mean  of  Ai,  A2,  A3,  A4. 

Similarly,  21472  corrected  reads,  0°.02  F.  greater  than  the  corrected  mean  of  Bi,  B3, 
B3,  B<,  at  59°5. 

As  the  Kew  corrections  are  only  given  to  the  nearest  tenth  of  a  degree,  this  agree- 
ment, taken  in  connection  with  Prof.  Sainte  Claire  Deville's comparisons  with  another 
standard  which  gave  no  greater  discrepancies,  indicates  that  Casella  No.  21472  is  very 
accurately  constructed,  and  that,  so  far  as  a  mercurial  thermometer  is  concerned,  the 
probable  error  of  its  corrected  judications  is  but  a  few  hundredths  of  a  degree.  (21472 
was  also  compared  with  the  other  Ca?ella  thermometers  at  59°. 5.  The  greatest  discrep- 
ancy between  the  results  and  the  Kew  corrections  was  0°.04.) 

Whether  it  and  all  mercurial  thermometers  ueed  appreciable  systematic  corrections 
between  32°  F.  and  100°  F.  to  reduce  their  readings  to  those  of  an  air-thermometer  is 
not  yet  known.    It  is  hoped  to  obtain  this  information  at  a  later  day. 

$  8.  COMPARISON   OP  YARDS  NUMBERS  6,  7,  8,  9,  10,  WITH   EACH  OTHER. 

For  comparisons  of  the  lake-survey  yards  Nos.  6  to  10  with  each  other  and  with 
Clarke  yards  A  and  B,  the  cylindrical  ends  of  the  brass  yards  rested  in  wyes,  with  a 
pressure  of  three  or  four  ounces,  nearly  all  their  weight  being  carried  by  supporting 
spiral  springs  attached  at  one-fourth  and  three- fourths  of  the  length  of  'he  yard.  The 
comparators  were  firmly  attached  to  strong  timbers.  The  two  yards  under  compari- 
son were  inclosed  in  a  box  with  glass  windows  in  its  cover  through  which  to  read 
thermometers,  and  with  slits  with  sliding  covers  through  which  the  suspending  wires 
passed,  by  whose  aid,  without  opening  the  box,  the  yards  under  comparison  were  alter- 
nately placed  in  the  wyes,  which  brought  the  centers  of  their  ends  in  line  with  the 
axes  of  the  sliding  pieces  of  the  comparators,  and  gave  central  contact  for  the  end  of 
the  yard  and  the  end  of  the  sliding  piece.  The  Clarke  yards  A  and  B  remained  in  their 
cases,  and  were  suspended  and  handled  in  the  same  way,  the  cases  resting  against  ad- 
justable stops,  when  exactly  in  the  right  position  with  reference  to  the  comparators. 
Their  cases  were  slightly  inclined  side  wise,  so  that  these  yards  should  slip  so  as  to  al- 
ways take  the  same  position  in  the  case.  Nearly  all  the  comparisons  were  made  in  the 
cellar  of  the  lake-survey  office,  where  the  daily  range  of  the  air  temperature,  caused 
mainly  by  the  presence  of  the  observers,  rarely  exceeded  2°  or  3°  F.  Readings  were 
usually  taken  about  &}  a.  m.  and  4  p.  m.,  the  room  at  other  times  being  kept  care- 
fully closed  when  the  temperature  of  the  cellar  was  below  40°  F.  The  rise  of  temper- 
ature in  the  box  containing  the  yards  under  comparison,  from  the  presence  of  the 
observers,  during  the  time  (about  ten  minutes)  required  for  two  or  three  comparisons, 
-was  usually  about  0°.  3  F.,  as  indicated  by  the  thermometers  under  the  wrapping  ot 
three  thicknesses  of  flannel  which  incased  the  brass  yards.  For  higher  temperatures 
the  effect  of  the  presence  of  the  observers  was  less. 

If  the  temperatures  of  the  brass  yards  had  risen  by  the  same  amount  as  the  temper- 
atures of  their  thermometers,  namely,  0°.3  F.,  the  lengths  of  the  yards  would  have 
increased  by  0,n.000l0. 

It  it  safe  to  say  that  they  did  not  increase  in  length  by  more  than  one-half  this 
amount,  or  0,u. 00005,  which  must  have  been  nearly  the  same  for  both  ;  so  that  there  is  no 
probability  that,  during  the  ten  or  fifteen  minutes  of  comparison  of  two  brass  yards,  the 
difference  of  their  lengths  changed  by  so  much  as  0,n. 00002  on  an  average.  As  the  yards 
were  systematically  alternated  in  position  with  reference  to  the  observer  this  error  was 
eliminated  in  the  result. 

From  the  insignificant  effect  that  this  small  rise  in  temperature  would  have  on  the 
difference  in  length  of  two  similar  brass  bars,  all  comparisons  made  on  two  brass  yards 
are  used,  until  the  thermometer  has  risen  by  0°.3  F.  In  early  comparisons,  at  low 
temperatures,  so  many  as  five  were  obtained,  occupying  thirty  miuutes.  Of  these, 
only  the  first  two  or  three  have  been  used,  as  the  thermometers  rose  0°. 6  or  0°.7  during 
the  thirty  minutes,  and  the  temperatures  of  the  two  similar  yards  may  not  have  changed 
equally. 

In  later  work  but  two  comparisons  were  usually  made,  each  occupying  from  six  to 
ten  minutes,  at  9.30  a.  m.  and  3  p.  in. 

In  reducing  the  comparisons,  those  at  the  same  period,  and,  therefore,  at  about  the 
same  temperature,  have  been  combined  so  as  to  give  a  single  equation  of  condition,  to 
which  a  weight  is  assigned  equal  to  the  number  of  days  of  comparisons. 

For  this  purpose,  the  mean  of  the  observed  differences  of  length  is  taken,  and  the 
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mean  of  the  first  readings  of  the  thermometers  in  each  set  of  comparisons,  as  the  ther- 
mometers after  the  first  reading  are  slightly  affected  by  the  presence  of  the  observers, 
while  the  temperature  of  the  yard  has  probably  not  sensibly  changed. 
The  form  of  an  equation  of  condition  for  yards  Nos.  6  and  7  will  be — 

(6-7)«°=(6-7)M°  -  (62°-*°)  (e«-e7) 

where  6  and  7  are  the  lengths  of  the  two  yards,  r°  the  observed  temperature,  and  e6  and 
e7  the  expansions  of  6  and  7  for  1°  F. 

Or,  placing  (6— 7)t°  =  n  =  observed  difference  of  lengths ; 
(6—7)52°  =  x  =  difference  of  lengths  at  62°  ; 

e*— e7  =  y  =  difference  of  expansions  for  lc  F. ; 
6*>-t°  =  &; 

the  equation  of  condition  takes,  for  6— 7,  the  form — 

n  —  x  -f-  by  =  0 

For  6  —  8,  6  —  9,  &c,  x  and  y  would  receive  one,  two,  &c,  primes. 

The  first  column  of  the  following  table  gives  the  dates  of  comparisons,  the  second  the 
number  of  sets  of  comparisons,  the  third  the  number  of  days  of  comparisons,  or  the 
weights,  the  fourth  the'total  range  in  the  observed  values  of  n,  the  fifth,  sixth,  seventh, 
and  eighth,  the  equations  of  condition,  and  the  ninth  their  residuals.  The  nnit  is  one- 
millionth  of  an  inch.  The  values  of  &  show  how  far  below  62°  F.  the  mean  temperature 
of  each  group  of  comparisons  was. 


Date. 

o 

u 

•8 

u    . 

9 
2 

6 

14 
4 
7 
3 
4 
4 
2 
6 
4 
3 
4 
2 
4 

n 

£ 

X 

by 

II  1!  II  II  II  II  II      II  II  II                   e 
ooooooo     ooo 

+  21 

—  8 

—  18 

0 

0 

+     3 

+    3 

0 

+     3 

+  11 

—  21 
+    8 

—  3 
+  15 

—  12 
+  H 

Tempera* 
ture. 

1874— Jan.  14  to  Feb.  12. 

1875-Dec7tol3 

Nov.  29  to  Jan.  5, 
1876 

18 

8 

12 

24 

10 

15 

8 

8 

11 

8 

12 

10 

8 

9 

8 

9 

—  1333 

—  1339 

—  1368 

+    HI 
+      © 
+  1472 
4-  1509 
+  1476 

—  1596 

—  1532 

—  1624 
+  2830 
+  2830 

—  234 

—  227 

—  3057 

64 

92 

121 

122 

103 

85 

106 

141 

63 

83 

109 

110 

79 

51 

101 

96 

—  X 

—  X 

—  X 

—            X? 

—  X1 

—  X" 

—  X" 

—  X" 

—  x"' 

—  X'" 
X"' 

—  (X"  —  *) 

—  (X"  —  X) 

—  (x"' —  at) 

—  (as"'  —  *) 
ix"'  —  X") 

+  23.84y 
+    l-74y 
+  20.  lOy 

+  21. 43  y' 

—  0.28y' 
+  23. 08  y" 

—  2.19y" 
+  18.  47  y" 
+  21.  82  y"' 

—  1.97y"' 
+  23.  27  y"' 

+  2a  50  (y"  -  y) 

—  2.03  (y"  — y) 
+  22. 63  (y"'  —  y) 

—  2.63  (y"'—y> 
+  23. 37  (y"'  —  y") 

o 

37-41 
60-61 
41-43 

43-39 

Aug.  7  to  19 

1874-Jan.  19  to  Feb.  19 

June  23  to  30 

1875— Nov.  22  to  26  .... 
1874— Jan.  22  to  Feb.  21 . 

July  1,2 

61-63 
39-40 
63-65 
44-43 

39-41 
63-64 

1875— Dec.  14  to  21 

1874— Jan.  27  to  Feb.  27. 

July7tol5 

Jan.  29  to  Mar.  2. 

July  16, 17 

Feb.  4  to  Mar.  7.. 

=  0 
=  0 
=  0 

=: 

40-36 
38-40 
63-64 
39-40 
64-65 
37-39 

(6- 
(6- 
(6- 
(6- 

-7)«° 

- 10)62° 

<*- 

-Or 

'«- 

-e8 

e*~ 

~?9 

*6- 

-£io 

Solving  the  equations  of  condition  by  the  method  of  least  squares,  and  deducing  the 
values  of  the  unknowns  and  their  probable  errors,  the  following  values  result : 

:  — 1329      ±  12 

=  +     ^9      ±13 
=  +1503       ±11 
:  —  1548      ±  13 
=  -f-        1.02  ±   0.57 
:—       1.01  ±   0.66 
=  +       147  ±   0.56 
:+       2.36  ±   0.62 

In  determining  these  values,  no  comparisons  of  No.  8  with  another  yard  made  prior 
to  August  7,  1875,  are  used,  as  that  yard  had  previously  changed  its  length. 

Five  days'  comparisons,  March  1, 1874,  at  39°  F.,  gave  6  —  8  =  —  0,n.000l0 
Two  days'  comparisons,  June  1,  1874,  at  61°.2  F.,  gave  6  —  8  =—  0ln.00013 
Two  days'  comparisons,  July  20,  1875,  at  64°     F.,  gave  6  —  8  ==  +  0in.00020 

In  the  interval  between  the  last  two  comparisons,  which  show  an  evident  change  of 
length,  as  their  difference  far  exceeds  any  possible  error  of  comparisou,  the  five  yards 
placed  end  to  end  had  been  compared  with  the  15-foot  brass  bar. 

During  these  comparisons  the  yards  had  been  suspended  by  spiral  springs,  which, 
allowed  the  end  cylinders  of  the  yards  to  rest  in  their  guiding-wyes  with  but  a  few 


APPENDIX   LI.  1117 

onnces  weight,  and  so  left  them  with  great  ease  of  motion  in  the  direction  of  their 
lengths.  The  idea  at  once  suggests  itself  that  in  bringing  the  ends  of  the  yards  in 
contact,  the  shock  of  contact  due  the  considerable  mass  of  the  yards  had  been  suffi- 
cient to  force  in  one  of  the  agates  at  the  ends  of  the  yard  No.  8  where  the  fitting  bad 
uot  been  firm  before,  thus  shortening  the  yard.  These  agates,  in  constructing  t he- 
yards,  were  simply  pressed  into  a  cavity  cut  for  them,  and  the  brass  at  the  ends  of  the* 
cylinders  burnished  down  around  the  agates.  On  August  2,  1875,  I  heated  the  ends  of 
yard  No.  8  to  about  150  F.,  and  then  holding  the  yard  vertical  pressed  the  lower  agate* 
into  a  piece  of  soft  wood,  with  a  pressure  of  20  or  30  pounds.  Then  the  agate  and  end 
of  the  cylinder  were  rotated  under  the  same  pressure  in  a  hole  a  little  larger  than  the* 
agate,  the  upper  end  of  the  hole  having  been  reamed  out  so  as  to  bear  on  the  brass  im- 
mediately around  the  agate  and  press  it  against  the  agate.  Finally,  the  brass  was 
burnished  down  upon  the  agate  with  a  hand- burnisher.  Both  agates  of  No.  8  were 
treated  in  the  same  way. 

Two  days'  comparisons,  on  August  7  and  9, 1875,  gave,  at  62°,  6  —  8  =  +0ln.00012,  which 
would  indicate  a  lengthening  of  No.  8  by  0in. 00008  ninoe  July  20,  1875.    But  in  the 

Srevions  comparisons  the  com  paring-room  was  visited  three  or  four  times  during  the 
ay,  which  makes  it  uncertain  whether  the  temperatures  of  the  two  yards  were  pre- 
cisely the  same. 

As  the  burnishing  could  hardly  have  lengthened  the  yard,  it  seems  possible  that  the 
small  apparent  change  in  length  subsequent  to  July  20, 1875,  was  due  simply  to  tem- 
perature errors  in  the  previous  comparisons,  and  that  the  length  of  yard  No.  8  was  not 
sensibly  affected  by  the  burnishing  process,  or,  in  other  words,  that  its  agates  are  now 
stable. 

The  comparisons  of  the  other  yards  at  different  dates  give  no  indications  of  change 
in  lengths. 
The  following  are  the  results  of  comparisons  of  Nos.  6  and  8  at  different  dates : 


1871.  Temp.,  55°.5  F.,  1  day's  comparisons,  6  —  8  =      0,n.00000 
2.  March,      1874.  Temp.,  39°     F.,  5  days'  comparisons,  6  —  8  =  — •  O^.OOOIO 


1.  Nov.  30, 

2.  March, «--,--  - -*  - ./- »- 

3.  June,  1874.  Temp.|  62°  F.',  2  days'  comparisons)  6  —  8  =  —  OKOOOli 

4.  July  20,  1875.  Temp.,  64°  F.,  2  days'  comparisons,  6  —  8  =  -f  0,n.00019 


The  comparisons  of  November  30, 1871,  were  not  made  under  temperature  conditions 
which  could  make  precision  certain,  and  their  discrepancy  with  the  second  compari- 
sons does  not  make  it  sure  that  yard  8  had  changed  length  in  the  interval.  It  cer- 
tainly changed  length  largely  between  June,  1874,  and  July,  1875,  and  may  have 
changed  very  blight! y  while  being  burnished,  although  the  difference  of  lengths  on 
July  20,  1875,  and  August  9,  1875,  while  larger  than  the  probable,  is  not  larger  than 
the  possible  errors  in  the  comparisons  mad*  on  only  two  days. 

$9.  COMPARISON  OF  BRASS  YARD  NUMBER  6  WITH  CLARKE  YARDS  A  AND  B. 

Havirg  given  the  lengths  and  expansions  of  the  other  brass  yards  relatively  to  No. 
6,  it  remains  to  explain  how  the  absolute  length  and  expansion  of  No.  6  were  obtained 
from  the  Clarke  yards  A  and  B. 

No.  6  was  compared  with  A  and  B,  and  No.  7  with  A.  The  yard  A  or  B  remained 
in  its  iron  case,  and,  with  its  thermometers  in  their  places,  was  put  with  the  brass 
yard  in  the  wooden  box  in  which  the  brass  yards  had  been  compared  with  each  other. 
The  larger  part  of  its  weight  was  carried  by  suspending-springs,  and  its  outer  iron 
case  rested  against  stops,  adjustable  so  that  the  centers  of  its  end  surfaces  should  be 
in  line  with  the  axes  of  the  sliding  pieces  or  quills  of  the  comparators.  The  case  was 
slightly  inclined,  so  that  the  yard  withiu,  uuder  its  own  weight,  should  always  assume 
the  same  position  with  reference  to  the  case,  and  so  with  reference  to  the  comparators. 
The  brass  yard  was  also  suspended,  resting  its  end  cylinders  in  their  supporting  wyes. 
The  two  yards  were  alternately  placed  between  the  comparators,  and  comparator  read- 
ings taken  on  both  euds. 

In  the  comparisons  of  No.  6  with  A  and  B,  at  temperatures  near  or  below  40°  F.,  the 
three  comparisons  making  a  set  required  about  twenty  minutes.  In  this  time  the 
thermometer  beneath  the  flannel  wrapping  of  the  brass  yard  usually  rose  about  0°.3  F., 
while  thofe  inside  the  cases  of  the  yards  A  and  B  only  rose  about  0.°05  F. 

In  comparisons  near  62°  F.  the  rise  in  thermometers  was  about  one-half  the  above 
amount-.  Hence,  as  the  thermometer-temperatures  of  No.  6  and  A  or  B  change  very 
unequally,  and  as  their  expansions  are  very  different,  ouly  the  first  comparisons  and 
the  first  temperatures,  on  entering  the  comparing- room  after  an  absence  of  several 
hours,  were  used  in  the  reductions. 
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No  comparisons  were  used  in  which  the  thermometer  in  contact  with  the  brass  yard 
and  under  three  thicknesses  of  flaunel  differed  by  more  than  0°.2  F.  from  the  mean  of 
the  four  thermometers  inside  the  iron  case  of  the  Clarke  yard ;  and  as  the  presence  of 
the  observers  for  <  he  two  to  four  minutes  before  the  thermometers  were  read  may 
have  slightly  affected  the  thermometer  with  the  brass  yard,  while  its  effect  on  those 
with  the  steel  yards  was  insensible,  the  thermometers  with  the  latter  yards  have  been 
alone  used  in  fixing  the  temperature  of  comparisons.  No  comparisons  were  used  where 
the  thermometers,  with  the  Clarke  yards,  changed  by  more  than  0°.4  F.  between  morn- 
ing and  afternoon  comparisons,  (9.30  a.  m.  to  4  p.  m.) 

No.  6  and  A  were  compared  with  each  other  at  three  different  periods,  at  tempera- 
tures varying  from  37°.6  to  62°.8. 

No.  7  aud  A  were  compared  at  about  33°.  As  the  length  and  expansion  of  No.  7, 
with  reference  to  No.  6,  are  known  with  great  precision,  the  comparisons  of  7  with  A 
were  reduced  to  those  of  6  with  A,  giving  a  fourth  group. 

Each  ot  these  four  temperature-groups  of  comparisons  gave  an  equation  of  condi- 
tion of  the  form 

(6-A)ro  =  (6-A)«o  —  (62-<°)  (e6-«A), 

in  which  t°  is  the  observed  temperature,  ck  and  e6  the  expansions  of  No.  6,  and  A  for 
1°  F.,  and  (6  —  A)&j°,  and  (^  —  «a  )> the  unknowns,  provided  the  temperatures  were 
correctly  measured. 

But  in  some  thermometers,  which  agree  with  an  air-thermometer  at  3*2°  and  212°  F., 
and  which  have  no  sensible  errors  of  construction,  it  is  known,  in  consequence  of  the 
dilatations  of  glass  and  mercury  depending  on  both  the  first  and  second  powers  of  the 
temperature,  that  at  other  readings  they  may  differ  sensibly  from  an  air- thermometer. 
An  attempt  has  been  made  to  have  one  of  the  lake-survey  thermometers  compared 
with  au  air-thermometer,  but  as  yet  no  results  have  been  deceived.  In  the  compari- 
sons with  each  other  of  the  brass  yards  Nos.  6,  7,  8,  9, 10,  as  their  relative  expansions, 
are  very  small,  no  sensible  error  is  introduced  into  their  relative  lengths  by  an  error  of 
0°.l  or  0°.2  F.  in  measuring  their  common  temperature.  But  in  determining  the  rela- 
tive lengths  of  A  and  No.  6,  an  error  of  0°2  F.,  in  determining  their  common  tempera- 
ture, would  introduce  an  error  of  0Iu. 00002,  a  quantity  larger  than  the  probable  error 
of  comparison. 

If  such  a  systematic  correction  should  be  needed  to  make  the  lake-survey  thermom- 
eters agree  with  an  air-thermometer,  it  may  be  taken  with  sufficient  accuracy  between 
32°  aud  62°  F.,  as  proportional  to  the  excess  of  temperature  over  32°,  and  its  form 
will  be  A  (<°  —  32°). 

The  equation  of  condition  from  a  group  of  comparisons  will  then  take  the  form 

(6  —  A)l0=(6-A)6Jo-{62O-[<o4.(ro__3op)  a1},6_Ca); 

which  may  be  written 

—  n-f  x  —  (a  —  b  A)y  =  °, 

in  which  n  is  the  mean  difference  of  lengths  of  the  two  yards,  derived  from  a  group  of 
comparisons  at  nearly  the  same  temperatures  of  which  t°  is  the  mean ;  x  is  the  un- 
known difference  of  length  at  G^  ,  aud  y  the  unknown  relative  expansion.    The  weight 
of  each  equation  is  equ^l  to  the  number  of  its  comparisons. 

Tue  following  table  gives  the  date  of  comparisons,  the  number  of  days  of  compari- 
sons, the  number  of  comparisons,  the  temperature-range  daring  the  comparisons,  the 
equations  of  condition,  and  their  residuals,  A  being  neglected.  The  unit  is  the  mill- 
ionth of  an  inch. 

Comparisons  of  No,  6  with  A. 


■-    —                      — -          -  —  -■ 

Date. 

Number  of 
days. 

©  S 

o 

a  a 
»8 

Tempera- 
ture. 

Equations  of  condition. 

• 

• 

3 

•a 

2 

1874  -Dec.  24  to  Jan.  4,  ls75 . .   . 
1875— August  20  to  23 

6 
3 
5 
6 

6 
11 

9 
10 

42°  to  37° 
63©  to  60° 
54°  to  55° 
33°  to  34o 

— 2847— z  +  (22. 25—  7.75My=0... 
-f   405  —  *+(  0.09  —  29.91  A)  y=0    .. 

—  538  —  x+{  6.65-23.35  a)  j/=0  ... 

—  3820  —  *  -4-  (28.  89-    l.llA)y=0... 

—  4 

—  8 
+  13 

—  1 

October  9  to  6  

(No.  7  and  A.) 
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The  following  table  gives  similar  data  for  comparisons  of  No.  6  and  Clarke  yard  B : 

Comparisons  of  No.  6  with  B. 


Date. 


1875— January  6  to  15 , 

October  7  to  8 / 

November  3  to  9 


«M 

<*  « 

o 

o  a 

u  4 

ber 
ariso 

a-3 

S2* 

3 

38 

6 

*8 

8 

o 

4 

6 

8 

82 

H 


36°  to  33° 
55°  to  54° 

48°  to  47° 


Equation s  of  condition. 


3473  —  tf  -f  (27. 72  —   2.  28  A)  ^=0 

.  414  —  **  +  (  6.81  — 23.19A)j/'=0 

1508  —  x' +  ( 1 4. 25  — 15.  75  A)  y'=0 


—  3 


In  this  table  x'  and  y'  have  replaced  the  x  and  t/  of  the  preceding  table,  as  yard  B  has 
replaced  yard  A. 
8  lving  the  above  equations  by  least  squares,  the  following  values  resnlt: 

x  =  (6—  A),b0  =  -f-  426  —  4408  A  -±-  6. 

x'  =  (6— B)f„°  =  +  578  —  4385  A  ±  4. 

y  =  eg  — eA  ==  146.94  — 146.94  A  -JL  0.32. 


y'  =  e«  —  e  =146.17  — 146.17  a  ±0.21. 

The  unit  being  a  millionth  of  an  inch,  and  the  probable  errors  being  derived  from  the 
equations  of  condition  when  a  is  taken  as  zero. 

If  the  value  of  x  above  be  subtracted  from  that  of  x',  we  have  A  —  B  =  152,  the 
terras  in  a  being  neglected,  as  A  is  very  small  and  its  co-eflfic'ents  nearly  equal. 

Referring  to  Colonel  Clarke's  values  of  A  and  B.  $  2,  we  find  A  —  B  =  211,  differing 
from  the  value  just  found  by  59.  Both  Colonel  Clarke's  and  the  lake-survey  deter- 
mination of  this  difference  are  indirect — that  is,  they  are  each  obtained  by  comparisons 
with  a  third  yard. 

Still  the  difference  is  larger  than  would  be  supposed  from  the  probable  errors  of  the 
comparisons,  and  it  is  hoped  hereafter  to  make  a  direct  determination  of  its  value. 

If  equal  weights  were  given  to  the  two  determinations  of  the  difference,  the  two 
results  would  differ  from  their  mean  by  but  ria&iro?  of  a  yard,  a  quantity  that  is  not 
large  in  such  work. 

Subtracting  y'  from  y  we  have 


Colonel  Clarke's  value  ($  2)  is 


6B— <?a=  +  0.77. 


eB  —  eA  =  —  2.33. 


Were  the  mean  of  these  two  values  to  be  adopted,  it  would  require  a  change  in 
the  values  for  the  expansions  of  A  and  B,  fonnd  by  Colonel  Clarke,  of  T£F  part. 

Adding  now  the  value  of  (6  — A)6*0  to  the  length  of  A  at  62°  F,  giveu  by  Colonel 
Clarke,  ($  2,)  there  results  the  length  of  No.  6  at  62°  F. 

No.  6  =  35^.999596  ±8—  0.004408  X 

Adding  the  value  of  (6  —  B)ej0,  above,  to  the  length  of  B  at  62°  F,  given  by  Colonel 
Clarke,  ($  2,)  there  results  the  length  of  No.  6  at  62°  F.  : 

No.  6  =  35»». 999538  -±-  7  —  0.004385  A. 

The  probable  errors  having,  in  both  cases,  been  obtained  by  neglecting  A  as  insignifi- 
cant.   These  values  differ  by  0,n.000058;  a  quantity  larger  than  the  probable  errors  of 
the  separate  values.    The  me*n  of  the  two  values  must,  be  taken,  and  the  probable 
error  of  the  mean  must  be  derived  from  its  differences  from  the  two  values. 

There  results,  then,  for  the  length  of  No.  6  at  62°,  from  the  data  at  present  (April, 
1877)  available, 

No.  6  =  3f>.999567  i  0»".000020— 0.004396  A. 

The  probable  error  being  obtained  by  supposing  A  =0,  and  being  TgD'&mjo*  part  of  the 
length. 
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From  $2  ek  the  expansion  of  yard  A  for  1°  F.  is  0,n.00021146.  From  $9  cft  —  ca  is 
0In.00014694  (I  —  A)  and  adding  the  value 

e6  =  0in.0003584  —  0.00014694 ^  results. 

Again,  deriving  f6  from  e»  -+•  (e6  —  eB  ),  we  have 

e6  =  0'».00035534  —  0.00014617  A. 

Taking  the  mean  of  these  two  values,  derived  from  yards  A  and  B  respectively,  we 
have 

f6  =  0I°.OO03569  — 0.00014656  A  ±0.00000103. 

Subtracting  from  the  length  of  No.  6  its  excesses  over  Nos.  7,  8,  9,  10,  ($8,)  there  re- 
sult the  following  lengths  of  these  yards  at  62°  F. : 

No.  7  =  36.000H96  ±  0.000023  —  0.004396  A . 
No.  8  =  35.999478  -J-  0.000024  —  0.004396  A . 
No.  9  =  35.998064  ±  0.000023  —  0.004396  A . 
No.  10  =  36.001115  ±  0.000024  —  0.004396  A . 

Summing  these  values,  and  deducing  the  probable  error,  we  have 

Yds.'  (6  +  7  +  8  +  9  +  10)  ^=  179.999120  J-  0.000103  —  0.02198  A . 

If  the  relative  expansions,  f6 — e?,  ?6  —  «s,  <*«  —  ?9,  and  r6  —  eJ0,  be  subtracted  in  suc- 
cession from  the  value  of  f6,  derived  from  the  Clarke  yards,  we  should  have  values  for 
the  absolute  expansions  of  those  yards.  Summing  those  values,  we  have  a  value  for 
the  expansion  of  the  five  yards,  when  placed  in  contact,  end  to  end,  their  axes  being 
in  the  same  right  line.    That  value  is 

e6  ,  7  +  8  +  9  +  io  =  0">.0017807  -J-  0.0000053  —  0.0007328  A . 

$  10.     COMPARISONS  OF  FIVE  LAKE-SURVEY  YARDS  (NOS.  6  TO  10)  PLACED  END  TO  END1 

WITH   15   FEET  BRASS  BAR. 

In  these  comparisons  the  two  comparators  were  mounted  on  stone  posts,  about  15 
feet  apart,  their  sliding  pieces  being  in  the  same  right  line. 

The  bar  and  yards,  in  the  comparisons  prior  to  June,  1875,  were  placed  side  by  side 
in  a  closed  wooden  box,  parallel  to  each  other,  and  2  inches  apart. 

The  15-feet  bar  rested  on  rollers  18  inches  apart,  and  was  provided  with  side-guide 
screws  to  limit  its  side  motion  and  to  aid  by  slight  pressure  in  its  alignment.  By  rais- 
ing or  lowering  its  rollers,  and  by  moving  its  guide-screws,  the  bar,  while  remaining 
free  to  move,  was  made  straight ;  its  straightness  being  tested  with  a  silver  wire 
strained  by  a  known  weight,  the  wire  being  vertically  over  one  of  the  upper  edges  of 
the  bar.  The  side  of  the  15-feet  bar  was  brought  into  the  vertical  plane  of  the  wire  to 
-within  0lB.01,  and  the  top  of  the  bar  made  parallel  to  the  wire  after  the  latter  was  cor- 
rected for  its  computed  sag  within  the  same  error.  The  5  yards  placed  end  to  end 
were  each  supported  at  }  and  f  of  their  lengths  by  spiral  springs,  so  adjusted  as  to 
carry  nearly  all  the  weight  of  the  yards,  leaving  only  three  or  four  onnces  to  be  sup- 
ported by  the  wyes  in  which  the  end  cylinders  of  the  yards  rested.  The  spiral  springs 
supporting  the  end  yards  were  so  inclined  that  these  yards  each  pressed  toward  the 
central  yard  with  a  force  of  about  one  pound,  thus  securing  contact  between  the  ends 
of  the  yards.  The  axes  of  the  end  cylinders  of  the  yards  were  brought  into  the  same 
right  line  by  adjusting  the  wyes  in  which  they  rested.  To  bring  them  into  the  proper 
position,  with  reference  to  a  vertical  plane,  a  small  piece  of  a  semi-cylinder  of  the 
same  diameter  as  the  end  cylinders  of  the  yards  had  a  point  in  its  axis  marked  on  its 
diametral  plane  surface.  This  semi-cylinder  was  placed  in  the  wyes  in  succession,  aud 
each  of  the  latter  was  moved  sidewise  till  the  point  was  directly  under  a  stretched  tine 
silver  wire  16  feet  long  which  vibrated  just  above  the  point. 

To  bring  them  into  the  proper  position  with  reference  to  a  horizontal  plane,  a  level 
was  fastened  to  the  upper  surface  of  one  of  the  yards  which  at  once  gave  the  means  of 
determining  the  difference  of  height  of  two  wyes  a  yard  apart,  and  of  adjusting  thein 
to  the  proper  height  by  means  of  their  adjusting-screws. 

As  where  two  yards  met  there  were  two  wyes  very  near  each  other,  they  were  ad- 
justed with  reference  to  each  other  by  a  smaller  level.  Prior  to  July  1,  1875,  the  box 
containing  the  bar  and  yards,  parallel  to  each  other  aud  abouf  2  inches  apart,  was 
mounted  on  two  trestles  of  the  base  apparatus,  which  gave  lateral  motion  sufficient  to 
bring  the  15-feet  bar  and  the  yards  alternately  between  the  comparators. 

Subsequent  to  that  date  the  bar  and  yards  were  mounted  an  a  T-shaped  iron  beam 
about  an  inch  apart,  the  whole  being  inclosed  in  one  of  the  long  boxes  of  the  expan- 
sion apparatus,  the  necessary  lateral  motion  for  comparisons  being  obtained  by  runniug 
the  track  of  that  apparatus  sideways. 

The  first  comparisons  of  15-feet  bar  with  lake-survey  yards  Nos.  6,  7,  8,  9, 10,  were 
made  in  a  room  on  the  first  floor  of  the  lake-survey  office  on  17  days,  betweeu  Febru- 
ary 26,  1872,  aud  June  24,  1873.  The  daily  temperature  range  in  this  room  is  large, 
though  less  than  that  of  the  external  air.     As  the  cross-sectioi  s  of  the  jaids  are  Vn  by 
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0,n.6,  while  that  of  the  15-feet  bar  is  l,n.l  by  0ln.33,  the  cross-section  of  the  yards  is 
two-thirds  greater  than  that  of  the  bar. 

In  changing  temperatures  that  of  the  yards  will  always  lag  behind  the  temperature 
of  the  bar.  so  that  the  temperature  changes  should  be  kept  far  below  theme  of  the  ordi- 
nary diurnal  ones.  For  this  reason  these  comparisons  were  not  considered  satisfactory. 
They  were  given  in  the  Lake  Survey  Report  for  1874;  the  difference  at  62°  F.,  bar- 
yards,  being  found  Uln.00839. 

A  comparing-room  was  subsequently  established  in  the  cellar  of  the  lake  survey- 
office,  where  the  daily  range  in  the  air  temperature  outside  the  closed  box  containing 
the  yards  and  bar  was  qnly  2°  or  3°  F.,  this  being  partly  caused  by  the  presence  of 
the  observers. 

Fourteen  days*  com  pari  sons/  bet ween  December  10  and  December  30, 1873,  at  a  mean 
temperature  of  42°.81  F.,  gave  bar-yards  =  0ln.00829. 

Three  days'  comparisons,  lietween  July  21  and  24, 1874,  gave  at  a  mean  temperature  of 
64°.7  F.  bar-yards  =0lu.008.J7. 

Between  June  1, 1874,  and  July  20, 1875,  yard  No.  8,  as  compared  with  No.  6,  appeared 
to  have  shortened  by  l),u.00033,  there  having  been  two  days'  comparisons  at  the  first,  sin cl 
two  at  the  last  of  those  dates,  the  first  giving  at  6l°.2  F.  6  —  8  =  —  Oln.00O13,  and  the 
second  giving  at  63<>.9  F.,  6  —  8  =  +  0iu  0002U. 

In  both  sets  of  comparisons  the  loom  wu  visited  too  frequently  (three  or  four  times 
a  day)  for  the  best  work,  but  it  is  improbable  that  either  of  these  values  is  erroneous 
by  so  much  as  0lu.00005. 

The  first  value  agrees  with  a  value  determined  by  five  days'  comparisons  on  March 
1,  1*74. 

It  is  uncertain  at  what  time  the  change  in  length  of  yard  No.  8  occurred.  It  may 
have  been  before  March,  1874,  or  after  June,  18*4,  and  it  therefore  throws  uncertainty 
on  all  comparisons  of  the  15-feet  bar  with  the  five  yards  prior  to  August^,  1875. 

On  that  date  strong  pressure  was  applied  to  the  end  agates  of  No.  8,  the  brass  around 
them  was  burnished  down,  and  No.  8  was  recompared  with  No.  6;  the  resulting  differ- 
ence (6  —  8) 62°  =  •+•  0in.0000^9  has  already  been  given  in  $  7. 

The  15-feet  bar  and  the  five  yards  were  again  compared  ou  August  12,  13,  14,  1875, 
at  a  temperature  of  63°  F.,  and  on  2fi  days  between  February  28,  1876,  and  April  7, 
1876,  at  temperatures  varying  from  34°.7  to  38°.5  F. 

From  these  two  sets  of  comparison*  the  difference  at  62°  F.  (bar-yards)  has  been 
found  and  the  relative  expansion  of  the  bar  and  the  five  yards. 

Each  comparison  gave  an  equation  of  condition  of  the  form — 

Dceo+  (l°  — 623)e—  n=0. 

in  which  D  62°  is  the  excess  of  length  of  bar  over  that  of  the  five  yards  in  contact  in 
a  straight  line  ;  i°  is  fhe  corrected  temperature  of  the  comparison  ;  e  is  the  excess  of 
expansion  of  bar  over  yards  for  1°  F.,  and  n  is  the  observed  difference  of  length  of  bar 
and  5  yards  corrected  f  ^r  periodic  error  of  comparator-screw. 

The  following  are  the  equations  of  condition,  with  dates  aud  residuals: 


Date. 


1875. 

Aug.  13 

13 

14 

1876. 

Feb.   28 

29 

Mar.     1 

2 

3 

4 

6 

7 

9 

10 

1ft 

16 

IS 

21 

22 

23 

24 

25 

27 

30 

4 

5 

6 

7 


Apr. 


Equations  of  ooDdition. 


Inches. 

D^-f   0.e<?-0.  00672-0 

D„  +    0.9«-0. 00875=0 

L>«a-f   0.5e- 0.00905-0 

D«- 86.  0*-0. 00883^-0 

Dg,  -  25.  8«-0.  00870=0 

D„  —  26.  Oe  -  0. 00873  -0 

Dg,-26.  4#— 0.00871  -0 

Dw-26.6«-0  00872-0 

D«-26.  5<r- 0.00888=0 

Dg,  -  25. 8e-0.  00890=0 

D«- 23.  S«-0. 00881-0 

D„-24.  le-0.  00*80=0 

Dn  -  24.  to-0.  00863 =0 

l)a  -  25.  3<r-0.  00855=0 f 

D«- 25.  4*-0.  00861=0 

D«-26.4<?-0.00H>6=0  ...   

D„  -  27.  3«- 0.00865    0 

D„  -  27.  2*-0.  00859-  0 

Da-  26.  8<?-0. 00871=0 

Dg,—  26.  3«- 0.00858=0 

D„  -  25.  8«-0.  00e65    0 

Dg,  -  25.  4«-0. 00860-0 

D„  -  26.  Oe- 0.00868=0 

Dg,  -  25. 0e- 0.00864  =0 

1)«,  -  24. 3e- 0.00874-0*. 

D6,-24.1«- 0.00876-0 

D„-  23. 6e-0.  00876-0 


Residuals. 


Inches. 
+  0.00012 

+   » 

—  21 

—  12 

—  7 

—  2 

—  1 

—  2 

—  18 

—  19 

—  19 

—  8 

-f    '• 
-ht« 

4-10 

+    * 
4-  5 

4-11 

-   1 

4-12 

4-  « 
+  It 

-r  3 

4-  7 

—  3 

—  4 

—  4 
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From  February  28  to  March  10, 1876,  inclusive,  the  yards  were  next  the  observer; 
from  March  15  to  April  7  the  bar  was  next  the  observer. 

Solving  these  equations  of  condition  by  least  squares,  we  have:  Bar  longer  than  the 
five  yards,  at  62°,  or 

D<s  =  +0In.008S43  ±  0,n.00004 

and  expansion  of  15-feet  bar  for  1°  F.  greater  than  that  for  five  yards,  by 

0^.0000052  ±  0,n.0000017 

r 

In  y  8  the  snm  of  the  expansions  of  the  five  brass  yards,  as  derived  from  their  com- 
parisons with  Clarke  yards  A  and  B,  and  each  other,  and  from  Colonel  Clarke's  values 
of  the  expansions  of  A  and  B,  was  given — 

e6+7_|_8_f9+l0=  0,n.0017807  ±  0ln.0000053— 0.0007328  a 

Adding  to  this  the  value  of  excess  of  expansion  of  bar  over  five  yards  just  given,  we 
obtain  a  value  for  the  expansion  of  the  15-feet  bar  for  1°  F.  derived  from  that  of  the 
Clarke  yards ;  it  is — 

0In.001786  ±  OK0000056  —  0.0007328  A 
The  value  derived  from  the  direct  expansion  experiments  given  in  y  11  is — 

0K001795  ±  0>».0000016 

When  it  is  remembered  that  the  first  value  is  affected  by  the  errors  of  comparisons  of 
seven  different  yards,  its  agreement  with  the  direct  value  may  be  considered  satisfac- 
tory. 

Adding  to  the  sum  of  the  lengths  of  the  vards  Nos.  6,  7,  8,  9, 10,  given  in  y  8,  namely, 
Nos.  6+7+8+9+ 10  =  179in.999120±0,n.000103  —  0.02198  a,  the  value— 

.  D62o  =  _|_  O'n.008843  +  0.000040, 

there  results  for  length  of  15-feet  brass  bar  at  62° — 

Bar  «•  =  180'n.00796  ±  0K0001 11  —  0.02198  A . 

It  has  previously  been  stated  that  14  days'  comparisons  of  15-feet  bar  with  the  five 
yards  in  December,  1873,  at  a  mean  temperature  of  42°. 81  gave:  Bar — yds.  =0,n.00829. 
The  24  days'  comparisons,  beginning  February  28,  1876,  gave  at  36°.2— 

Bar — yards  =  0ln.00871, 

giving,  when  rednced  to  the  same  temperature,  a  relative  increase  in  length  of  bar  of 
0in00045. 

Of  this  increase,0ln. 00023  is  due  to  the  shortening  of  brass  yard  No.  8  between  Jane, 
1674,  and  August,  1875.    See  $  8. 

The  rest,  0ln  .00022,  may  be  accounted  for  by  supposing  the  shortening  of  No.  8  to 
have  partly  occurred  before  June,  1874,  by  supposing  all  the  yards  have  shortened 
slightly,  or  by  supposing  that  the  brass  15-feet  bar  has  lengthened.  But  as  it  amounts 
to  but  y7~ujodu  P&rt  of  the  length  of  the  bar,  it  may  possibly  be  due  to  errors  of  compari- 
sons. 

In  discussing  the  expansion  of  the  15-feet  brass  bar,  (y  10,)  it  will  be  seen  that  the 
comparisons  of  the  brass  bar  with  the  iron  bar  packed  in  ice  also  indicate  an  increase  in 
length  in  the  brass  bar  after  it  bad  been  heated  from  32°  to  about  100°,  which  temper- 
ature it  probably  reached,  of  about  the  same  amount. 

If  the  modulus  of  elasticity  of  cast  brass  be  taken  as  6450  kilograms  per  sqnare 
millimeter,  and  its  breaking  strength  as  12  kilograms,  the  force  needed  to  stretch 
it  by  to  [in  hit  of  its  length  would  be  about  4.4  kilograms  per  square  millimeter,  or 
more  than  one-third  of  it*  ultimate  strength.  But  heating  a  brass  bar  from  32°  F.  to 
100°  F.  stretches  it  by  this  amount,  (inuodiT  of  its  length,)  and  the  question  arises 
whether  this  heating  may  not  produce  a  temporary  or  permanent  change  of  length. 
No  positive  conclusions  can  be  drawn,  as  the  apparent  change  is  so  small  that  it  may 
possibly  be  due  to  errors  of  comparison,  its  proportional  amount  little  exceeding  that 
of  the  errors  in  good  comparisons  of  two  yards  a  trait. 
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$  11. — EXPANSION  OF    15-FEET  BRASS  BAR  FOR  1°   FAHRENHEIT. 

A  determination  of  the  expansion  for  1°  F.  of  the  standard  15-foot  brass  bar  was 
made  in  the  winter  of  1870-'?  1.  Two  methods  were  adopted.  Iu  the  fir>t,  the  c  mi  para- 
tors  being  firmly  fixed  in  the  tops  of  stone  piers,  their  stability  was  assumed.  On  con- 
secutive days  the  bar  was  brought  between  the  comparators,  the  room  and  bar  on  the 
first  day  being  at  the  natural  temperature,  and  on  the  next  the  room  was  heated  by  a 
stove,  so  that  its  temperature  and  that  of  the  bar  were  from  25°  to  45°  F.  higher.  The 
distance  between  the  middle  points  of  the  comparators  being  taken  as  unchanged,  the 
difference  of  the  comparator  readings  for  hot  bar  and  cold  bar,  allowance  being  made 
for  the  expansion  of  half  of  each  comparator,  gave  the  change  of  length  of  the  bar. 

Temperatures  of  the  bar  were  given  by -six  thermometers. 

The  difference  in  lengths  of  the  bar,  divided  by  the  corresponding  differences  of  tem- 
peratures, gave  the  expansion  for  1°  F. 

$12.  The  second  method  was  to  clamp  five  yards  together,  end  to  end,  thus  forming  a 
compound  bar  about  15  feet  long,  to  surround  this  compound  bar  with  broken  ice,  thus 
making  its  temperature  and  length  constant,  and  then  to  compare  the  15-foot  bar  with 
it,  both  at  the  natural  temperature  of  the  room  and  with  that  temperature  raised 
alMiut  30°  F. 

The  value  obtained  for  the  expansion"  of  the  15-foot  brass  bar  by  both  methods  was 
0ln.00174.    (See  Lake  Survey  Report  for  1871.) 

The  objection  to  the  first  method  is,  that  the  perfect  stability  of  the  piers  during 
changing  temperatures  is  uncertain,  and  to  both  methods,  that  the  temperature  of  a  brass 
bar  like  the  standard  cannot  be  determined  from  mercurial  thermometers  in  contact 
with  it  with  any  such  accuracy  as  0°.l  F.  or  0°.2  F.,  unless  the  temperature  of  the  bar 
and  its  surroundings  has  been  kept  within  a  few  tenths  of  a  degree  of  a  stationary  tem- 
perature for  several  hours.  At  the  high  temperatures  this  could  not  be  effected  with 
means  then  at  command.  When  the  air  temperature  rises  through  many  degrees  to  a 
maximum,  the  temperature  of  the  bar  lags  behind  that  shown  by  the  thermometers,  so 
that  the  indicated  temperature  change  is  too  great,  giving  too  small  an  expansion. 
Subsequent  work  on  this  bar  shows  that  at  the  high  temperatures,  (70°  to  80°  F.,) 
when  the  bar  had  its  maximum  length,  its  temperature  was  about  1°  below  that  of  the 
thermometers  with  it. 

Later  experience  threw  donbt  on  the  accuracy  of  the  value,  and  a  few  trials  in  July, 
1874,  of  a  method  slightly  differing  from  the  first,  made  it  nearly  certain  that  the  above 
Value  was  somewhat  too  small.  This  new  method  was  to  place  the  15-foot  bar  between 
the  comparators,  the  temperature  of  the  comparing-room  being  steady  at  about 
64c  F.,  to  let  it  remain  at  least  16  hours*?  so  that  its  thermometers  might  give  its 
true  temperature,  then  to  read  the  comparators,  and  immediately  to  remove  it  to 
another  room,  when,  for  4  honrs,  it  was  packed  in  ice.  At  the  end  of  this  time  it  wan, 
while  still  packed  in  ice,  placed  between  the  comparators,  which  were  again  read. 
This  process  assumed  the  stability  of  the  comparators  for  4  hours  of  pretty  steady 
temperature. 

Results  were  obtained  on  five  days  for  the  expansion  of  the  15-foot  bar  for  1°  F., 
which  varied  from  Uin.00178l  to  0in.00l809,  their  mean  being  0,u0017959. 

$  13.  It  being  now  pretty  certain  that  the  value  found  for  the  expansion  of  this  bar 
in  1071  was  not  sufficiently  precise,  I  decided  to  attempt  the  careful  redetermination 
of  this  important  constant,  and  to  use  the  method  described  by  Capt.  A.  R.  Clarke, 
Royal  Engineers,  in  "Comparisons  of  Standards  of  Length,"  making  such  modifica- 
tions as  would  adapt  it  to  the  iuconveuient  cellar  in  which  we  had  to  work. 

The  important  point  in  Captain  Clarke's  method  is,  that  be  secures  steady  tempera- 
tures for  each  of  two  bars  for  several  hours  by  placing  them  in  closed  boxes,  whose 
sides  are  copper  tanks,  through  which  water  of  any  desired  constant  temperature  runs. 

The  method  adopted,  differing  somewhat  from  Captain  Clarke's,  was  to  use  a  second 
bar  constantly  packed  iu  ice,  aud  to  compare  the  15-foot  brass  bar  at  temperature*  of 
:*2°  and  90°  F.  with  this  second  bar. 

For  the  second  bar,  an  iron  bar,  whose  cross-section  was  lin.l  in  depth  by  0,n.33  in 
thickness,  had  mill  cylindrical  steel  pins  firmly  screwed  into  its  ends;  the  outer  ends 
of  these  cylinders  were  planes,  very  uearly  at  right  angles  with  the  axis  of  the  bai, 
and  at  such  a  distance  apart  as  to  give  the  two  bars  the  same  length  at  about  91°  1 . 

This  iron  bar  was  mounted  on  teu  adjustable  rollers,  in  a  semi-cylinder  of  quarter- 
inch  boiler-iron,  which  was  15  feet  long,  and  4  inches  in  diameter.  This  serai-cylinder 
was  packed  with  pounded  ice  so  that  the  bar  should  be  entirely  covered,  one  upper 
edge  of  tke  bar  being  tested  after  the  ice  was  in  to  see  that  it  did  not  deviate  from  a 
right  line  by  more  than  one-hundredth  of  an  inch.  When  the  ice  was  well  rounded 
ovei  the  bar — fifty  pounds  were  required — it  was  replaced  when  the  weight  had  dimin- 
ished by  about  twelve  pounds. 

The  semi-cylinder  was  supported  at  one-fourth  and  three-fourths  of  its  length.  To 
test  its  stiffness,  five  pounds  were  hung  at  one  end,  giving  a  deflection  of  but  0in.007. 
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Accordingly  it  was  assumed  that  the  varying  ice-load  prod  need  no  injurious  flexure  of 
the  bar  due  to  change  of  form  of  the  supporting  serai-cylinder. 

As  the  points  of  support  for  the  iron  bar  wer«  but  19  inches  apart,  and  the  greatest 
ice-load  ou  top  of  the  bar  between  two  points  of  support  could  scarcely  exceed  half  a 
pound,  the  length,of  the  axis  of  the  bar  could  not  be  sensibly  changed  by  variations 
in  thin  load. 

For  cold  comparisons,  the  brass  bar  was  also  packed  in  ice,  while  resting  on  its  sup- 
porting T-shaped  iron  bar,  which  was  stiff  as  tne  semi-cylinder  already  described. 

For  comparisons  of  brass  bar  hot  with  iron  bar  in  ice,  the  brass  bar  was  placed  in  a 
long,  narrow,  closed  box,  its  ends  only  projecting  very  slightly  from  the  ends  of  the 
box.  The  box  had  a  cloth-lined  wooden  cover,  and  its  sides  were  formed  by  two  long 
metal  tanks,  each  »  inches  in  depth  by  2'".?  in  thickness,  the  faces  next  the  bar  being 
of  copper.  In  the  interior  of  each  tank  was  a. 2-inch  iron  pipe  running  Along  the 
bottom  of  the  tank,  and  then  returning  along  the  top;  through  this  pipe  the  hot 
water  flowed. 

The  brass  bar  was  supported  on  adjustable  rollers,  on  top  of  a  stout  T-shaped  iron 
bar,  nearly  15  feet  long,  lying  between  the  tanks. 

The  two  bars  in  their  boxes,  parallel  to  each  other  and  about  3  feet  apart,  rested 
on  a  very  stable,  heavy  truck,  whose  smooth  lateral  motion  on  irou  rails  brought, 
-alternately,  the  centers  of  the  end  of  one  bar  or  the  other  between  the  comparators, 
mounted  on  their  stone  posts. 

The  bars  were  adjustable  both  horizontally  and  vertically,  so  that  when  once  ad- 
justed each  could  at  ouce  bo  brought  into  proper  position  with  referei  ce  to  the  com- 
parators, by  motion  of  the  truck  a. one,  whose  displacement  was  limited  by  adjustable 
stops,  and  a  comparison  of  the  two  bars  could  be  made  within  five  n. unites. 

Hot  and  cold  water  were  run  into  a  large  cask  at  snch  rates  as  to  give  a  pre*ty  steady 
temperature  when  well  stirred ;  from  this,  with  a  slight  head,  the  water  flowed  through 
flexible  tubes  into  the  iron  pipes  contained  in  the  tanks. 

In  the  first  experiments,  although  the  temperature  of  the  water  in  the  mixing-cask 
could  be  kept  at  a  temperature  varying  from  99°  to  101°  F.  by  propnrly  adjusting  the 
flow  into  itof  hot  and  cold  water,  yet  the  flow  through  the  pipes  in  the  tanks  was  not 
steady,  the  slit-opening  of  the  stop-cock  being  clogged  by  the  impurities  iu  the  water. 
The  form  of  this  opening  was  changed  and  the  water  passed  through  a  cloth  stnrtuer. 
Afterward  there  was  no  difficulty  in  keeping  the  temperature  of  the  hot  box  at  a  tem- 
po-at  ure  of  about  90°  F.,  without  a  greater  variation  for  the  middle  thermometer  than 
■0°.9  in  eight  hours. 

The  thermometer  near  the  end  where  the  water  entered  and  left  the  tank  was  usually 
0°.2  or  0°.3  greater  than  at  the  corresponding  place  at  the  other  end. 

At  first  some  vapor  from  the  wood  of  the  hot-box  condensed  on  the  tinder  side  of  the 
glass  windows  in  the  cover  throngh  which  the  thermometers  beside  the  brass  bar  in 
the  hot  box  were  read,  making  the  reading  uncertain.  Chloride  of  lime  wan  n«ed  to 
absorb  this  vapor  until  the  boxes  were  dry,  although  it  is  objectionable  on  account  of 
danger  of  rust. 

The  temperature  of  the  cellar  being  about  35°  F.  below  that  of  the  hot  bar,  which 
was  about  90°  F.,  and  the  ends  of  the  brass  bar  being  exposed  for  comparison,  the  tem- 
perature of  the  ends  of  this  hot  bar  were  somewhat  affected  by  the  cold  air  outside. 

The  interior  of  the  hot  box  near  its  ends  was  stuffed  with  cotton,  but  a  thermometer 
within  3  inches  of  the  ends  of  the  bar  still  stood  at  from  2°  to  3°  below  those  at  the 
middle.  While  these  thermometers  doubtless  gave  a  temperature  lower  thau  that  of 
the  brass  they  touched,  it  was  not  deemed  safe  to  neglect  so  large  a  difference.  A  stove 
was  brought  into  the  cellar,  and  during  hot  comparisons  the  temperature  of  the  room 
was  raised  to  about  85°.  The  temperature  of  the  water  as  it  left  the  tanks  was  lowered 
to  90°  F.,  giviug  about  89°  for  the  temperature  of  the  bar.  After  this,  the  thermome- 
ter near  the  end  of  the  bar  gave  a  temperature  but  about  (K.5  lower  than  that  near 
the  middle. 

The  thermometers  used  were  the  five  Casella  standards  Nos.  21472  to  21476,  already 
described.    They  can  be  read  to  0°.02  F. 

•   The  mean  temperature  of  the  15-foot  bar  during  hot  comparisons  was  determined  as 
follows:    The  early  exp  rinients  with  thermometers  in  various  positions  had  shown 
that  thermometers  distributed  along  the  bar  agreed  within  two  or  three  tenths  of  a  de- 
gree until  they  approached  within  18  iuchesof  the  ends  of  the  bar,  when  they  began  to 
fall,  standing  at  theendsof  thebar2:;or  3°  lower.    By  heating  the  air  in  the  cellar  to85° 
this  fall  was  reduced  to  about  0°.5.    After  this,  if  the  thermometer  readings  ou  the  bar 
are  plotted  asordiuates,  the  distances  along  the  bar  being  abscissas,  the  curve  will  be 
nearly  straight  to  within  12  or  15  inches  of  the  ends  of  the  bar.     In  the  comparisons 
used,  the  thermometers  were  placed  on  each  side  of  the  middle  of  the  bar  at  2i±  and  72 
inches  from  it,  and  a  fifth  at  3  inches  from  one  eud.     Means  of  the  readings  of  each 
thermometer  were  used  for  each  comparison  to  plot  the  temperature  curve  (whose  gen- 
eral form-  was  already  known)  for  that  comparison.    The  mean  ordinate  of  this  curve 
was  taken  as  the  temperature  of  the  bar  for  this  comparison. 
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The  brass  15-foot  bar  and  the  iron  bar  were  compared  with  each  other,  both  being 
packed  in  ice,  on  ten  days  be  twee  a  April  21  and  May  1, 1675,  as  shown  in  the  following 
table : 


Date. 


April  21,  1875 
April  3-2,  1*75 
April  33,1875 
April  24,  1875 
April  2d,  1875 
April  27,  1875 
April  38,  1875 
AprH  23,  1873 
A  pril  30,  1875 
May  1,  1075... 

Mean... 


Iron  bar— brass  bar, 
both  in  meltiug  ice. 


Inch. 
0.  OHrrOl 
0. 038991 
0.  038794 
0.  03*794 
0. 036880 
0. 038803 
0.  038K73 
0. 03e954 
0. 03H955 
0. 03e-9f>6 


0. 038881  ±  0. 00U017 


The  resulting  excess  of  length  of  the  iron  bar  is  0»».038881-|-0.000017  at  32°,  the  prob- 
able error  being  derived  from  the  discrepancies  between  the  daily  results  and  their 
mean  just  given. 

After  the  hot  comparisons  had  been  made,  the  two  bars,  both  packed  in  ice,  were 
again  compared  with  each  other  on  four  days  from  Juue  21  to  June  25, 1875,  as  shown 
in  the  following  table: 


Date. 

Iron  bar— brass  bar, 
both  in  melting  ice. 

June  21,  1875 

Inch. 
0.  038.r>95 
0.  038711 

Jane  24, 1875 

0.  038535 

Jaue25,  UJ75 

0.  038ti64 

0. 038626  ±  0  000026 

The  resulting  excess  of  length  of  the  iron  bar  was  0m.038626  ±  0,n .000026,  differing 
from  the  previous  value  by  0ln.000255.  This  difference  is  larger  than  the  probable 
errors  would  lead  one  to  expect.  But  it  is  only  iTdanv  P»rt  of  the  length  of  the  bar,  a 
quantity  which,  in  view  of  the  many  difficulties  in  such  work,  is  too  small  to  make  it 
certain  that  the  bar  changed  length  during  the  hot  comparisons.  As  such  a  change  is 
however  possible,  equal  weights  have  been  given  to  the  values  obtained  for  excess  of 
length  or  iron  bar  in  ice  over  brass  bar  in  ice,  before  and  after  hot  comparisons,  and 
their  mean  0in,038754  -J-  0,n.000086  has  been  adopted  as  the  most  probable  value  of  their 
■difference  in  length  at  32°  F. 

The  comparisons  of  the  brass  15  feet  standard  bar  with  the  five  brass  yards,  Nos.  6 
to  10,  given  in  $  10,  also  indicate  a  lengthening  of  the  brass  15  feet  standard  at  about 
this  time  and  by  about  the  same  amount,  but,  as  already  stated,  the  apparent  discrep- 
ancy scarcely  exceeds  the  possible  errors  in  good  work. 

The  comparisons  between  the  iron  bar  packed  in  ice  and  the  15  feet  standard  brass 
bar  at  a  t  mperatnre  of  about  90°  were  19  in  number  on  ten  days,  between  May  26  and 
June  18, 1875,  but  only  those  on  or  after  Juue  10  were  used  in  obtaining  the  final  value 
of  the  expansion.  They  were  12  in  number,  and  on  reducing  them  to  a  common  tem- 
perature  the  residuals  gave  a  probable  error  for  their  mean  of  ^  0.000003.  The  result- 
ing expansion  of  brass  bar  for  1°  F.  from  eaoh  hot  comparison  is  given  below  under 
the  beading  e. 

It  has  previonsly  been  stated  that  the  early  hot  comparisons  were  not  considered 
satisfactory  because,  at  first,  the  flow  of  hot  water  was  riot  steady  or  the  temperature 
of  the  air  in  the  cellar  was  not  near  enough  to  that  of  the  exposed  ends  of  the  brass 
bar.  For  these  reasons,  no  hot  comparisons  prior  to  June  10, 1875,  were  used  iu  adopt- 
ing a  final  value  for  the  expansion,  but  the  values'resulting  from  the  previous  compaii* 
hoiis  are  giv«n  in  the  following  table,  to  show  how  little  effect  those  causes  of  error 
produc  d.  The  table  gives  the  expansion  resulting  from  each  comparison  of  brass  bur, 
i»ot,  with  iron  bar  in  ice, 


1126 


REPORT   OF   THE   CHIEF   OF   ENGINEERS. 


Date. 

Temperature 
range. 

e. 

May  26 

1875. 

o 

59.20 
59.92 
59.24 
59.25 
59.33 
61.33 
65.22 

56.96 
56.96 
56.70 
57.68 
57.51 
57.73 
57.26 
57.41 
57.07 
5«.59 
57.05 
57.10 

IneheM. 
0  00le088 

May  2d 

17964 

May  28 

17946 

17948 

17996 

17997 

17975 

J  tine  10 

17939 

17923 

17947 

17914 

17930 

J  tine  14 

17946 

Jane  16 

17962 

Jane  16 

17967 

Jane  16 

17960 

17984 

Jane  18 

17996 

June  18 --- -- - 

17904 

The  results  of  the  hot  comparisons  on  aud  subsequent  to  June  10,  12  in  all,  were 
combined  with  the  results  of  cold  comparisous,  and  the  mean  value  of  the  resulting 
expansions  was  taken  as  the  most  probable  value.  That  value  is  mean  expansion  of 
15  feet  standard  brass  bar  between  32°  and  89°.15  F.  for  lc  F. 

e  =  0"».001795  ±  0^.0000016. 

This  probable  error  is  obtained  by  dividing  the  probable  error  in  the  determination 
of  the  change  of  length  of  the  brass  bar,  namely  V(.uuuur^)*+^uouuoup  by  57°.15,  and 
assumes  that  there  is  no  constant  error  in  the  determination  of  this  difference  of  tem- 
perature. 

As  the  temperature  of  32°  was  obtained  directly  from  melting  ice,  there  is  no  tber- 
momefer-error  in  it.  But  at  the  high  temperatures,  whose  mean  was  89°  15  F.,  there 
may  be  a  small  correction  necessary  to  reduce  the  staudard  thermometer  to  an  air-ther- 
mometer. Suppose  it  of  the  form  (1°  —  32°)  A.  The  corresponding  correction  to  the  ex- 
pansion will  be  closely  enough 

<fc= 0^.001795  A 

so  that  we  have  for  the  mean  expansion  of  the  15  feet  brass  bar  between  32°  and 
89c.15  F. 

e  =  0i*.001795(l—  A)  ±0*". 00000 16. 

$  14.  In  May,  1876,  an  additional  determination  of  the  expansion  of  the  15  feet  brass 
bar  for  1°  F.  was  made,  using  a  temperature  range  from  32°  to  65°  F. 

The  end  surfaces  of  the  steel  pius  in  the  ends  of  the  iron  bar  having  become  slightly 
rusty  they  were  polished  off,  thus  making  the  iron  bar  shorter  than  in  the  preceding 
expansion -work. 

The  following  table  gives  the  results  of  the  comparisons  between  the  iron  15  feet 
bar,  always  packed  in  ice,  and  the  brass  15  feet  bar,  either  packed  in  ice  or  heated  to 
about  62°. 

The  same  method  and  the  same  care  was  used  as  in  the  determinations  previously 
made.    The  column  I — B  gives  the  observed  excess  of  length  of  iron  over  bratta  bar: 


Date. 


1876. 

May   6 

May   9 

May  10 

May  11 

May  13,12  m 

May  13,   3       p.  m 

May  15,   3       p.  m  

May  15,   4       p.  ra 

May  16,   3. 30p.  m 

May  16,   4       p.  ro 

May  16,   8. 20p.  m 

May  17 

May  18 


S 

u  a 
•92 

a  9 
p  ft 


§ 


°  Fah. 
32.00 
32.00 
32. 00 
32.00 
32.00 
32. 00 
32.00 
32.00 
32.00 
32.00 
32.00 
32.00 
32.00 


°  Fah. 
32.00 
65. 18 
32.00 
61.60 
61.04 
61.% 
32.00 
32.00 
61.22 
61.00 
61.45 
32.00 
32.00 


I  — B. 


Inches. 
-f  0. 034373 
—0. 024697 
+0.  034298 
-0.  018595 
— 0.0175  1 
—0.017499 
4-0.  034316 
4-0.  034282 
—0.  017945 
—0.017561 
—0.  (18541 
+0. 034394 
+0. 034245 


ce  ' 


V 

a  *  »* 

-s| 

•o  ? 
®  o  I 

03 


tt 


— 0.000067 
-0.000256 

.000008 
OOOttMi 

).  000058 
—0.  OCX  096 
-fO.OOOOlO 
-a  000024 

-  -0.000065 
- -0.000071 
--0.  000230 

-  -0.000088 
—0.000061 
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Each  observation  gives  an  equation  of  condition  of  weight  1.  Solving  these  by  least 
squares,  we  have  for  mean  expansion  of  15  feet  brass  bar  from  32°  to  62°  F.  for  1°  F. 

e = 0^.001786  ±  0ln.0000015 — 0.001786  A . 

This  value  is  identical  with  that  derived  from  the  Clarke  yards,  through  the  brass 
yards  $  9,  except  that  its  probable  error  is  mnch  less. 

The  discrepancy,  amounting  to  t4t  part  of  the  whole  value,  between  this  and  the 
value  0in. 001795,  obtained  for  the  mean  expansion  between  32°  and  89°.  15,  may  be  ac- 
counted for  in  three  ways : 

1st.  It  may  be  attributed  solely  to  errors  of  observation,  and  the  work  would  still  be 
good,  as  the  discrepancy  is  small. 

2d.  The  mean  expansion  of  the  15  feet  bar  may  be  greater  between  32°  and  89°  than 
between  32°  and  62°.  Working  on  small  specimens,  Fizean  has  found  for  the  expan- 
sion of  a  unit's  length  of  brass  for  t  centigrade  degrees — 

(1034  X  10-8)f°  +  (76  X  10-'°)f°4 

the  expansion  depending  on  both  t  and  t*. 

3d.  If  thermometer  21472  should  have  a  very  small  systematic  position,  correction  at 
62°  to  reduce  it  to  an  air-thermometer  and  one  of -f-0°.3  at  89G,  the  two  expansions 
wonld  agree. 

The  length  of  the  15  feet  bras*  bar  at  62°  has  already  been  given.  As  it  was  com- 
pared with  the  brass  yards  Nos.  6, 7, 8, 9, 10,  at  62°  on  three  days,  as  these  yards  were 
compared  with  each  other  aud  the  Clarke  yards  at  temperatures  between  54°  and  63°, 
and  as  the  Clarke  yards  were  compared  with  the  Ordnance  Survey  standard  between 
62°  and  64°,  auy  slight  errois  in  the  values  of  the  relative  or  absolute  expansions  can 
have  little  effect  on  the  resulting  length  of  the  15  feet  bar  at  62  \  But  as  the  Kewee- 
naw, Sandy  Creek,  and  Buffalo  bases  depend  on  the  length  of  this  bar  packed  in  melt- 
ing ice,  the  question  arises  how  its  length  at  32°  should,  be  derived  from  the  data 
already  given. 

1st.  Using  the  expansions  of  the  Clarke  yards  given  by  Colonel  Clarke,  their  lengths 
at  or  near  32°  can  be  derived  from  their  comparisons  with  the  Ordnance  Survey  stand- 
ard at  temperatures  between  51°  and  64°  F.  The  Clarke  yards,  the  brass  yards,  Nos. 
6, 7, 8, 9, 10,  and  the  15  feet  brass  bar  have  been  intercompared  at  temperatures  between 
33°  F.  and  44°.  . 

Henoe  the  length  of  the  15  feet  brass  bar  at  32°  F.  can  be  obtained  without  using 
any  expansions,  except  those  of  the  Clarke  yards,  over  a  range  sufficient  to  introduce 
much  error. 

2d.  Tbe  length  of  the  15  feet  brass  bar  at  32°  may  be  derived  from  the  length  adopted 
at  62°  by  using  the  mean  expansiou  from  32°  to  89°.  15  F.  already  given,  namely, 
0*001795. 

3d.  The  length  of  tbe  15  feet  brass  bar  at  32°  F.  may  be  derived  from  its  adopted 
length  at  62°  bv  using  the  mean  expansion  from  32°  to  62°  F.  for  1°  already  given, 
namely,  0in.001786. 

In  view  of  tbe  probability  that  tbe  expansion  of  the  brass  bar  increases  with  the 
temperature,  and  of  tbe  fact  that  the  expansion  derived  from  the  Clarke  yards  agrees 
with  that  obtained  directly  from  expansion-experiment  between  32°  and  62°,  it  is 
deemed  advisable  to  adopt  for  the  present  for  the  length  of  the  15  feet  brass  bar  at  32° 
the  value  obtained  by  tbe  first  method,  namely: 

15  feet  brass  bar  at  32°  =  179^.95438  ±  0.000120—0.02198  A. 

The  probable  error  is  derived  from  the  probable  error  in  the  length  of  tbe  bar  at  62°, 
and  from  the  probable  error  in  the  value  of  the  expansion  from  32°  to  62°,  directly 
determined. 

This  same  value  wonld  result  from  the  adopted  length  at  62°,  namely, 

180^.00796^0.000111—0.02198  A. 

if  the  mean  expansion  between  32°  and  62°,  directly  obtained,  namely,  0,n. 001786, 
were  used.    If  tbe  mean  expansion  between  32°  and  89°,  directly  obtained,  had  been 
used  it  would  have  made  tbe  length  of  the  15  feet  brass  bar  at  32°  sb  Aou  less. 
The  results  obtained  for  tbe  15  feet  brass  bar  up  to  May,  1877,  may  now  be  given : 

Length  of  15  feet  brass  bar  at  62°  F.=180*°.00796  ±0.000111  —  0.02198  A. 
Length  of  15  feet  brass  bar  at  32°  F.  =  179»».95438  -J-  0.000120  +  0.03160  A. 
Mean  expansion  between  32°  and  89°  for  1°  F.  =  0lu.001795  ±0.0000016— 0  001795  A. 
Mean  expansion  between  32°  and  62°  F.=0,n.001787  ±0.0UUU015— 0.0017e6  A- 

$  15.  Much  of  the  work  of  which  a  summary  has  now  been  given  has  been  done  by 
Assistant  Engineers  E.  8,  Wheeler,  G.  A.  Marr,  T.  Russell,  and  C.  Pratt. 

Mr.  Wheeler  bas  made  a  large  part  of  the  observations,  and  great  credit  is  due  him 
for  his  constant  endeavors  to  increase  the  accuracy  of  tbe  work.  Fertile  in  resources, 
his  aid  has  been  of  especial  value  in  working  out  details  of  apparatus  and  compari- 
sons. 

C.  B.  Comstock. 
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Appendix  B.— Length  of  Keweenaw  base. 

1.  In  the  Lake-Survey  Report  for  1874  a  preliminary  length  of  the  Keweenaw  base  was 
given,  based  on  a  pieliminary  value  of  the  length  of  the  1 5- feet  brass  bar  of  the  Lake 
tturvey,  when  packed  in  melting  ice,  then  takeu  as  179,n.95752. 

The  length  of  the  base  obtained  was  1933  (15-feet  bar  in  melting  ice)  H-  47u».71. 

It  was  then  known  that  the  tabes  changed -length  daring  the  day  by  considerable 
quantities  when  the  temperature  changed  rapidly,  but  even  an  approximation  to  a  law 
connecting  length-changes  with  temperature-changes  was  uuknown. 

Since  1873  the  comparisons  of  tubes  with  standard  bar  continuously  during  the  day 
at  £andy  Creek  and  Buffalo  bases  have  given  empirically  such  a  law,  and  have  led  to 
a  recoiuputation  of  the  Keweenaw  base. 

2.  In  a  compensated  base  apparatus  like  the  Bache-WUrdemaun,  (described  in  the 
Coast  Survey  Report,  1854,)  the  length  of  a  tube  may  change  from  a  change  of  tem- 
perature in  two  ways : 

1st.  Irs  length  may  change  from  the  unequal  expansion  of  the  brass  and  iron  bars, 
when  their  changing  temperatures  are  constantly  equal  to  each  other,  this  change  of 
length  arising  from  incorrect  proportions  in  the  compensating  lever.  This  change  in 
length  from  imperfect  compensation  '8  called  expansion.  It  can  be  reduced  to  almost 
zero,  and  has  been  made  verf  pmall  in  the  Lake  Survey  apparatus. 

2d.  In  changing  temperatures  the  bars  may  not  gain  or  lose  heat  alike,  and  the 
length  of  the  tube  may  change  from  the  difference  in  their  temperatures.  This  is  the 
serious  difficulty  in  any  apparatus  composed  of  two  bars,  whether  in  the  form  of  a 
compensating  apparatus,  like  the  Colby  and  the  Bache-WHrderuann,  or  in  the  form  of 
a  metallic  thermometer  like  the  apparatus  of  Borda,  of  Bessel,  and  of  Repsold.  The 
problem  of  keeping  the  two  bars  at  the  same  temperature  is  not  well  solved  in  the 
compensating  apparatus  of  the  Lake  Survey,  and  any  such  apparatus  has  the  great 
disadvantage  of  giving  exaggerated  changes  of  length  for  any  difference  in  tempera- 
ture between  the  two  bars.  Thus  a  compensated  arrangement  of  brass  and  iron  bars 
whose  expansions  for  1°  are  b  and  i,  will  change  length  for  a  difference  of  1°  in  tem- 
perature of  its  two  bars,  by  j— :  t,  or  by  about  three  times  the  change  of  length  of  the 

iron  bar  for  1°  of  temperature. 

Some  results  from  comparisons  will  be  of  interest  as  showing  the  amount  of  such 
changes  in  the  Lake  Survey  base  apparatus. 

Ou  Augnst  5,  1873,  dnriug  comparisons  of  tube  1,  in  full  sunshine,  the  temperature 
of  the  interior  of  the  tube  rose  from  B0°  at  6  a.  m.  to  98°  F.  at  5  p.  m.  The  tube  reached 
its  maximum  length  at  9  a.  m.,  and  then  decreased  so  as  to  be  0in.O047O  shorter  at  10 
p.  m.  The  day  was  one  of  excessive  temperature  range;  such  change  of  length  ap- 
proaches zero  when  the  rate  of  temperature  change  during  the  day  becomes  very  small. 
At  the  Buffalo  base  in  1875,  the  mean  length  of  this  tube  for  the  11  days  of  compari- 
sons was  at  1  p.  m.  0ln.00230  greater  than  at  8  a.  in.,  the  comparisons  being  under 
tents. 

The  variation  for  tube  2  was  less. 

But  as  a  part  of  this  change  might  be  dne  to  expansion  of  tube  from  imperfect  com- 
pensation, while  the  two  bars  have  equal  but  varying  temperatures,  that  question 
has  been  re-examined.  Two  attempts  had  been  made  in  the  office  at  the  determina- 
tions of  the  expansions  of  the  tubes,  and  the  comparisons  at  the  base-lines  also  gave 
data ;  but  the  quantity  to  be  measured  is  so  small,  and  is  so  masked  by  larger  errors, 
that  its  determination  is  difficult.  A  combination  of  the  various  values  gave  for  both 
tubes  an  expausion  less  than  01  ".00001  for  1°  F.,  and  less  than  the  probable  error  of 
the  determination.  Hence,  in  the  recomputatiou  of  the  base,  the  expansions  for 
both  tubes  have  been  taken  as  zero.  As  the  mean  temperatures  of  the  tubes  during 
comparisons  and  during  measurement  of  the  Keweenaw  base  did  not  differ  by  more 
than  1°  F.,  the  uncertainty  in  the  precise  values  of  the  expansion  does  not  affect  their 
lengths  by  more  than  0ln.00001,  a  quantity  which  may  be  neglected. 

The  fact  that  the  tubes  change  length  during  the  day  being  known,  and  it  also  be- 
ing known  that  their  proper  expansion  (both  bars  having  the  same  temperatures)  is 
very  small,  it  follows  that  the  change  in  length  given  above  must  be  due  to  difference 
of  temperature  of  the  two  bars.  When  tube  1,  on  August  5, 1873,  changed  length  dur- 
ing the  day  by  0iD.00470,  taking  one- third  of  this  quantity  as  giving  the  change  of  the 
length  of  the  iron  bar  relatively  to  the  brass  bar,  we  find  that  the  temperatures  of  the 
iron  bar  relatively  to  the  brass  bar  must  have  changed  by  about  1°.  3  F.  daring  the 
day,  and  that  on  an  average  comparison  day  at  the  Buffalo  base  the  relative  tempera- 
ture of  iron  and  brass  bars  must  have  varied  by  0°.7  F. 

3.  The  variations  in  length  of  tubes  1  and  2  during  comparisons  under  tents  are 
well  shown  graphically  by  the  following  curves,  in  which  the  abscissas  give  the  hours 
of  the  day  and  the  ordi nates  the  corresponding  excess  of  the  length  of  the  tube  above 
that  of  the  15-feet  brass  bar,  iu  melting  ice.    The  carves  for  tubes  1  and  2  are  each 


curves  of   Tubes  1  and  2  during*  12   days  of  comparisons 
mdy  OeeJr  and  11  day*   at  Buffalo,  18 74  and  1875. 
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the  means  of  daily  oomparison-ourves  for  23  days  of  comparisons  at  Sandy  Creek  and 
Buffalo  bases.  From  tbese  curves  it  will  be  seen  that  f  >r  au  average  day  during  com- 
parisons at  those  bases  tube  1  changed  length  between  8  a.  in.  and  5  p.  hi.  by  0lu.002l6, 
i  n  1  tube  2  by  0lo.00154,  these  changes  beiug  due  almost  entirely  to  differeuce  of  tem- 
peratures of  the  brass  and  iron  bars  in  each  tube. 

4.  Iu  the  computation  of  the  Keweenaw  ba*e  in  1874  the  lengths  adopted  for  the 
tubes  during  u  easurement  were  derived  from  comparisons  of  the  tubes  with  the  bar 
in  melting  ice,  the  tubes  being  under  a  tent,  as  in  measurements,  and  the  comparisons 
be  ng  repeated  at  short  intervals  duriug  the  working-day.  The  differences  of  lengtl  a 
of  bar  and  tube  were  plotted  fur  each  day  as  ordi nates,  the  hours  of  the  day  being  the 
ab  :i*sas,  so  that  for  each  day  of  comparison  a  curve  resembling  those  already  given 
w  ;  obtained.  The  mean  ordinate  for  the  day  was  computed,  giving  the  tubes  mean 
)  igth  fur  that  day.  The  mean  of  such  mean  lengths  for  the  periods  of  comparisons 
'  ave  the  length  of  the  tube  in  terms  of  the  bar  in  ice,  which  was  used  in  computation. 

If  the  mean  daily  temperature-curve  during  comparisons  had  precisely  the  same 
form  and  dimensions  as  duriug  measurements,  thus  giving  the  same  mean  curve  for. 
the  daily  changes  of  length  of  tube  during  comparisons  and  measurement,  no  error 
would  be  introduced  into  the  resulting  leugth  of  the  whole  base,  although  these  mean 
values  would  not  give  the  same  length  in  remeasiirement  for  a  part  of  the  base,  for 
w  >icb  the  temperatur«  curves  on  the  two  days  of  measurement  differed  considerably. 

In  fact,  the  mean  temperature  range  between  8  a.  m.  and  12  ro.  on  the  days  of  com- 
parison was  6°.l  F.,  while  on  the  days  of  measurement  it  was  13°. 2,  a  difference  too 
great  not  to  need  a  correction  if  any  method  can  be  found  for  making  it. 

5.  The  numerous  comparisons  of  the  base-tubes  with  the  15  feet  brass  bar  in  ice  at 
Sandy  Creek  aud  Buffalo  bases  added  largely  to  our  knowledge  of  the  conduct  of  the 
tubes  during  rapidly-changing  temperatures,  and  showed  what  had  previously  been 
noticed,  that  the  mean  daily  length  of  a  tube  depended  on  the  temperature  range  dur- 
ing the  morning. 

After  some  trials  it  was  found  if  the  mean  daily  differences  of  length  of  tube  and  bar 
in  ice  were  plotted  as  ordinate**,  the  temperature  changes  from  8  a.m.  to  12  m.  being 
the  abscissas,  that  the  resulting  curve  was  nearly  a  straight  line  for  the  Keweenaw, 
Sandy  Creek,  and  Buffalo  bases,  aud  that  for  each  base  the  slope  of  the  line  was  nearly 
the  same. 

That  is,  if  we  represent  by  I  the  difference  of  lengths  of  15  feet  bar  in  ioe  and  tube, 
wheu  its  iron  and  brass  bars  have  the  same  temperature ;  by  x  the  change  in  the  mean 
difference  between  8  a.  m.  aud  5  p.  m.  due  to  a  change  of  temperature  of  1°  P.  between 
£  a.  m.  and  12  tu. ;  by  a  the  chauge  of  temperature  from  8  a.  m.  to  12  ro.  on  any  day 
when  the  mean  difference  of  length  between  8  a.  m.  and  5  p.  in.  of  bar  in  ice,  and  tube 
is  d  ;  we  shall  have — 

•  1  +  ajr^rl 

1  is  constant  so  long  as  no  permanent  change  in  the  length  of  the  tnbe  takes  place. 
As  already  stated,  the  expansion  of  the  tube,  both  bars  beiug  always  at  like  tempera- 
tures, is  so  small  and  uu certain  as  to  be  neglected;  if  it  had  a  definite  value  it  would 
also  be  necessary  to  fix  a  temperature  for  the  normal  length. 

The  above  equation  expresses  iu  effect  that  the  mean  length  of  a  tube  between  8  a.  m. 
and  5  p.  m.  on  any  day  is  equal  to  its  normal  length  pins  the  temperature  change  from 
8  to  12  a.  m.,  multiplied  by  a  constant. 

Each  day  of  comparisons  continued  from  8  a.  ro.  to  5  p.  m.  of  a  tube  under  tent  with 
the  bar  in  ice  on  Keweenaw.  Sandy  Creek,  or  Buffalo  bases  gives  an  equation  of  con- 
<  ition  of  the  above  form.  The  value  of  ar  will  be  the  same  in  all ;  the  value  of  I  will  be 
the  same  so  long  as  there  i*  no  evidence  of  a  permanent  chauge  in  its  value.  Such 
change  occurs  between  the  measurement  of  different  bases,  aud  sometimes  during  the 
measurement  of  the  same  base. 

6.  This  liability  to  change  in  length  is  a  serious  evil  in  the  Baohe-Wurdemann  appa- 
ratus. There  are  in  it  thirteen  joints  or  points  of  contact,  at  any  one  of  which  chauge 
in  rootnot  by  wear  or  by  change  of  adjustment  may  change  the  length  of  the  tube. 
As  in  consequence  of  jars  and  expansions  the  screws  on  which  these  joints  depend  fre- 
quently get  loose,  these  permanent  changes  in  length  are  unavoidable,  aud  they  are 
large  enough  to  seriously  diminish  the  accuracy  of  the  work  uuless  much  time  is  spent 
on  comparisons,  which  would  otherwise  be  unnecessary.  In  any  base  apparatus  it  is 
very  much  to  be  desired  that  the  points  which  fix  the  length  of  the  apparatus  should 
be  rigidly  connected  with  eaoh  other,  or  if  there  are  joints  that  these  should  be  very 
few  in  number  and  practically  unchangeable. 

In  one  of  the  tubes  of  the  Lake  Survey  base  apparatus  the  length  of  the  tube  can  be 
changed  by  0.003  inch,  by  simply  tightening  or  loosening  the  screw  which  forms  the 
axis  of  rotation  of  the  compensating  lever,  the  tightening  twisting  the  lever  out  of  its 
original  plane  of  rotation. 

7.  Having  obtained  from  the  comparisons  at  Keweenaw,  Sandy  Creek,  *nd  Buffalo 
bases  twenty-eight  equations  of  condition  of  the  form  l  +  ax—d  for  each  tube,  these 


1130  REPORT    OF   THE   CHIEF   OF   ENGINEERS. 

equations  contained  for  tube  1  a  single  value  of  I  for  Keweenaw  base,  and  three  valnea 
for  each  of  the  other  bases,  x  being  the  same  for  all;  while  for  tube  2  a  single  value 
for  I  was  used  for  each  base,  x  being  the  same  for  all. 

For  the  Keweenaw  base  there  was  no  evidence  of  change  of  length  of  either  tube 
during  the  comparisons  used.  But  on  the  Sandy  Creek  and  Buffalo  bases,  while  there 
was  no  evidence  of  change  in  length  of  tube  No.  2  during  the  measurement  of  the 
base,  there  was  evidence  that  tube  No.  1  on  both  bases  changed  length  between  the 
comparisons  at  beginning  and  middle  of  measurement,  and  between  the  middle  and 
end  comparisons,  necessitating  the  assumption  of  different  lengths  at  each  of  the  three 
periods  of  comparison  at  each  base.  Solving  for  each  tabe  by  least  squares  the  28 
equations  of  condition  reoulting  from  2i  days'  comparisons,  the  values  of  I  and  J*  are 
found. 

The  following  are  the  values  for  I  and  x  for  the  two  tabes,  with  the  dates  of  the  com— 
parisons  on  which  they  depend  : 


Tube  I. 


Keweenaw  base. 


. ..?,  =  0»«.0i:01-!-0i«.0OO12,  August  4-October  2,  1873. 
C  Z2  =  0*^0 i905-J-0»«. 00015,  August  13-19,  1874. 
8andy  Creek  base.. 1  h=  0i».01777-t0»n.000l6,  September  15-17,  1874. 

(  /4  =  0"'.01727=l:0in.00017,  October  17-23,  1874. 

Sift  =  0^.02726-|-0»'».00017,  August  31-September  3,  1875. 
h  =  0*"Mfi&2±Qi».0Q02\y  September  22-23,  1875. 
Z7  =  0i°.02591-t:0»n.00016,  October  11-14,  1875. 

For  tube  1,  x=0ln.000136±0ln.000009. 

Tube  2. 


Keweenaw  base..  ..7'1==  0*". 043135^0^.00014,  July  17-23, 1873. 

Sandy  Creek  base..i'2=-0,u.0440(>  ±0in.000ll,  August  13-October  23,  1874. 

Buffalo  base 1'3  =  0^.04598  ±0io.00012,  August  28-October  14, 1875. 

For  tube  2,  x=0l».000097±0*u.000008. 

8.  The  following  diagrams  show  how  closely  these  values  of  I  and  x  represent  the 
results  of  comparisons  for  ench  tube  and  each  base.  Abscissas  are  the  changes  of  tem- 
perature of  tube  between  8  and  12  a.  m.  on  a  comparison  day,  and  tbo  ordi nates  of  the 
points  inclosed  by  a  circle  with  a  date  are  the  excesses  of  the  mean  tube  length  on  that 
comparison  day  over  that  of  the  15-feet  bar  in  melting  ice.  Where  tube  1  changed 
length  during  measurement,  these  ordi  nates  have  been  corrected  so  as  to  free  them 
from  the  effect  of  that  change,  and  to  make  them  give  only  the  temperature  effect. 

The  straight  line  is  plotted  from  the  first  values  for  each  base  of  the  tube's  normal 
length  aud  from  the  values  of  x  just  ^iven.  The  distauces  of  the  points  from  the  right 
line  are  due  to  the  errors  of  observation  and  of  theory,  and  for  the  apparatus  in  ques- 
tion must  be  considered  as  reasonably  small. 

9.  The  method  followed  in  the  recomputation  of  the  Keweenaw  base  can  now  be 
explained. 

The  computations  for  the  corrections  to  measured  length,  for  inclination  of  tubes, 
for  contact-level,  for  error  in  sector-level  adjustment,  and  for  error  in  cylindrical  sur- 
face, are  the  same  as  heretofore.  But  in  the  computation  of  1874  a  mean  length  of 
Tube  1  was  adopted  for  all  the  days  of  measurement  without  attempting  to  take  into 
account  the  effect  of  the  daily  temperature- range  ou  the  tube's  length. 

In  recomputation,  the  value  of  the  excess  I,  of  the  normal  length  of  tube  1  over  bar 
in  ice  for  Keweenaw  base,  already  given,  namely.  0*°.01701,  was  used  for  the  whole  base. 
For  each  full  day  of  measurement  (from  8  a.  m.  to  5  p.  in.)  the  temperature-change  a. 
from  8  a.  m.  to  12  ui ,  was  take:i  from  the  thertnometer-rea  lings  inside  of  the  tube,  and 
this,  with  the  proper  value  of  x  previously  given,  enabled  us  to  compute  /  -f-  ax,  the 
excess  of  the  mean  length  of  the  tube  for  that  day  over  the  bar  in  ice.  The  mean 
length  multiplied  by  the  number  of  times  that  tube  was  used  during  the  day,  gave  the 
length  measured  by  it. 

When  measurements  were  made  on  any  day  during  a  fraction  of  the  period  from  8 
a.  m.  to  5  p.  m.,  the  mean  length  of  the  tube  during  the  fraction  of  a  day  would  usually 
differ  from  the  mean  length  for  the  whole  day,  and  hence  the  computed  value  I  -\-  ax 
would  need  a  correction  to  give  the  mean  length  of  the  tube  while  being  used. 

To  obtain  this  correction  the  mean  curve  of  $  8,  giving  the  average  daily  variations 
of  the  tube's  length  at  Sandy  Creek  and  Buffalo  bases,  was  used.  The  difference 
between  the  mean  ordi  nates  of  this  enrve  for  the  whole  day  and  for  the  fraction  of 
the  day  durjng  which  measurements  were  made  was  applied  to  the  computed  value 
7  -f- ax  as  a  correction,  and  the  resnlt  was  used  to  obtain  mean  length  for  the  fraction 
of  a  day.    The  same  method  was  followed  in  computing  the  mean  length  of  tube  2  for 
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each  clay  or  fraction  of  a  day  of  measurement.  But  the  normal  length  of  this  tube 
changed  permanently  during  the  measurement,  as  described  in  the  Lake  Survey  Report 
for  1§74.  For  the  half  of  the  base  measured  prior  to  September  11,  1873,  the  value  l',t 
previously  given,  resulting  from  the  least-square  reductions,  of  the  comparisons,  was 
need,  namely ,  V,  =  0,B.043135. 

The  comparisons  on  September  30  and  October  1,  1873,  after  the  measurement  of  the 
base,  using  the  value  of  x  already  obtained,  give  I  =  0ia.03985.  Hence,  from  September 
11  to  September  30,  the  mean  of  the  above  values  is  used,  and  after  October  1,  in  the 
remeasurements  the  last  value,  0iB.03985,  is  used. 

10.  As  a  part  of  the  Keweenaw  base  equal  to  94  tnbe-lengtbs  (about  1,410  feet)  was 
remeasured  seven  times,  a  recomputation  of  these  parts  by  the  new  method  and  a  com- 
parison of  the  results  give  a  new  value  for  the  probable  error  of  measurement,  so  far 
as  it  can  be  derived  from  a  comparison  of  single  measures  with  their  mean. 

The  seventh  remeasurement  is  not  included,  as  it  is  nearly  certain  from  comparison 
with  the  other  measurements  that  an  error  of  either  1°  or  2°  was  made  at  one  point  in 
reading  the  angle  of  inclination  of  the  tube. 

Tbe  follow  rag  table  gives  the  number  of  the  measure,  its  date,  the  maximum  and 
minimum  tube-temperature  daring  the  measurement,  and  the  excess  of  the  separate 
measures  over  their  mean. 


Number. 


Date. 


1 
2 
3 

4 
5 
6 


August  16, 18, 19, 1673 

August  20, 1873 

August 91, 2i,  1873  ... 

August  23, 1873 

October  6,  7, 1873 

October  7, 8, 1873 


Temperature. 

Max. 

Min. 

o 

o 

80.2 

66.6 

71.  1 

66.0 

81.8 

62.7 

65.6 

54.5 

58.5 

lki.fi 

71.2 

40.0 

Exces». 


In. 
+0.075 
-o.OOrt 
-o.oo:i 
-0.  041 
-0.046 
+  0.022 


Deducing  from  these  residuals  the  probable  error  of  one  measurement,  it  is  found 
0ln.03O,  or  about  TrnAnn?- 

It  will  be  noticed  that  while  on  some  days  tbe  whole  distance  was  measured,  for 
other  measurements  two,  or  even  three,  days  were  required.  As  this  involved  the  difficult 
estimate  of  the  mean  tube-length  for  parts  of  days  by  tbe  approximate  method  already 
described,  it  seems  probable  that  tbe  errors  in  these  remeasurements  are  larger  than 
in  the  continuous  measurement  of  the  base,  when  there  were  relatively  fewer  fractional 
days  of  measurement. 

11.  In  attempting  to  obtain  a  value  for  the  probable  error  iu  tbe  measurement  of  tbe 
base,  the  first  question  is  as  to  tbe  accuracy  of  tbe  value*  of  tube-lengths  used  in  tl>  ? 
computations.  The  probable  errors  in  the  values  of  I  for  tubes  I  and  2.  as  derived  by 
tbe  least-square  reductions,  are  given  in  $  7  as  -|-0la.00012  and  J-Oln.000l4  respectively. 
The  corresponding  probable  errors  in  the  values  of  x  are  ^  0ltt.uu0009  aud  ^  0,n.OU0008. 
As  the  average  temperature-range  between  8  and  12  a.  m.  on  days  of  measurement 
was  13°.2,  the  average  probable  errors  iu  the  values  of  ax  would  be  J-Uia.00012  aod 
-J-  Oin.00010  for  the  tubes  1  and  2. 

Hence  the  probable  error  in  the  value  of  d  for  tube  1  would  be,  approximately , 


and  for  tube  2,  also, 


•(0.00012)*  +  (0.00012)*  =  i  0»»  00M7 
±  0^.00017. 


As  tbe  length  of  the  base  was  1,933  tubes,  these  probable  errors  give  for  tbe  whole 
base 

1933  X  ±  0»».00017  =  ±  0"».329. 

Taking  the  estimates  fn  the  Lake-Survey  Report  for  1874  of  the  errors  from  other 
causes,  we  have  f«»r  all — 

1.  From  probable  error  in  adopted  excess  of  length  of  tube  over  15-foot  bar  in  ice, 

=  1933  X  ±  O^.OOOH  =  ±  0^.329. 

2.  From  probable  error  in  inclinations,  ^0.103. 

3.  From  probabie  error  in  references  to  and  fri>m  ground,  ^  0.059. 

4.  From  probable  error  in  contact  displacement,  i  0.109. 

5.  From  probable  error  from  change  of  length  of  tube  2,  J^  0.158. 

Taking  the  square  root  of  the  sum  of  the  squares  of  the*e  quantiti  s,  we  hive  for 
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the  probable  error  in  the  length  of  base  (error  in  length  of  standard  15-foot  bar  not 
included)  ±0in.399. 

Iu  $  10  the  p'obabl*  error  in  one  measurement  of  94  tubes  was  given  asOin.03.  This 
probable  error  arises  from  the  iu  accuracy  with  which  a  x  expresses  the  daily  temper- 
ature-effect on  the  tubes,  and  from  the  2d,  3d,  and  4th  of  the  errors  given  above. 

For  the  whole  base  we  should  have  from  these  causes  the  probable  error 


±0.03    /'.g?  =  ±0*.lM 


If  this  were  combined  with  the  probable  errors  from  the  other  sources  a  somewhat 
smaller  probable  error  would  be  found  for  the  whole  base  than  that  given  above. 

But,  iu  view  of  the  uncertainty  iu  estimating  probable  errors  in  complex  cases,  that 
all  sources  of  error  have  benu  considered,  aud  from  the  danger  of  constant  errors,  as 
well  as  from  the  liability  of  this  apparatus  to  change  leugth,  I  do  not  deem  it  advis- 
able to  assume  a  probable  error,  excluding  that  in  the  length  of  the  15-foot  bar,  less 
than  that  given  in  the  report  for  1874,  naiuidy :  -J-')la.69.». 

The  leugth  of  the  Keweenaw  base,  resulting  from  the  recompatation  after  applying 
a  correction  of  — llln.02  to  reduce  it  to  the  sea-level,  is 

1933  (15-foot  bar  in  melting  ice)  +  49>*.73  ^  0"».696 

Taking  for  the  length  of  the  15-foot  bar  in  melting  ice  the  value  given  in  the  paper 
on  Standards  of  Length  of  the  Lake  Survey  Report  for  1877,  namely, 

179'».95433  J-0^.00012  -f  0.03160  A 
we  have  for  the  length  of  the  Keweenaw  base 

347901*n.55±Ol«.7344-61.0828A 

Notr. — As  a  check  on  the  parts  of  the  base  into  which  it  was  divided  near  its  middle, 
the  angles  of  two  triaugles  having  a  common  vertex,  and  the  parts  of  the  base  for  op- 
posite sides,  were  read.  Computing  the  north  half  of  the  base  from  the  whole  base, 
the  computed  leugth  wasOln.27  greater  than  the  measured  leugth,  or  s^Viny*  while  the 
computed  south  half  was  liu.l6  greater  than  the  measured  leugth,  or  TTiAnnF-  As  the 
angles  of  this  small  triangulatiou  were  not  carefully  measured,  the  agreement  is  as 
good  as  was  to  be  expected. 

C.   B.  COMSTOCK. 


Appendix  C. — Telegraphic  Longitude. 

REPORT  OF  CAPTAIN   II.  M.  ADAMS,  CORPS  OF  ENGINEERS,  ON  TELEGRAPHIC  LONGITUDE 
WORK   IN  CONNECTION   WITH  THE  LAKE  SURVEY  OBSERVATORY,    1876-'77. 

The  longitudes  of  the  following  points  have  been  determined: 

1-  Mount  Forest,  I1L 

2.  Saginaw,  Mich. 

3.  Saint  Louis,  Mich. 

4.  Cairo,  111. 

5.  Fort  Fetterman,  Wyo. 
t>.  Fort  Richardson,  Tex. 
7.  Fort  Griffiu,  Tex. 

H.  Fort  Stockton,  Tex. 
9.  Fort  Concho,  Tex. 

10.  Fort  McKavett,  Tex. 

Observations  were  nude  at  Detroit  by  Capt.  H.  M.  Adams  for  all  longitudes  except 
Forts  Richardson  and  GrifHn.  The  following  instruments  were  used :  Transit  instru- 
ment made  by  Butt  &  Berger.  Focal  length,  39  inches  ;  magnifying  power  of  telescope 
with  diagonal  eye-piece,  87 ;  aperture,  3  inches.  Clock  No.  25(i,  and  chronograph  No.  216, 
made  by  Bond  &  Sons. 

For  longitudes  of  Mount  Forest,  Saginaw,  Saint  Louis,  and  Cairo,  signals  were  ex- 
changed by  automatic  clock  aud  chrouometer  beats;  aud  for  all  other  stations  by 
breaking  or  making  circuit  by  hand  every  ten  seconds.  All  signals  were  recorded  at 
Detroit  on  a  chronograph.  A  complete  time-deterrainat;on  was  made  before  and  after 
signals  each  night  in  determining  the  longitudes  of  the  following  points: 

Mount  Forest,  I1L    (See  Tables  Nos.  3,  4,  5,  and  6.) 


APPENDIX  LL. 


1133 


Saginaw,  Mich.    (See  Tables  Nos.  13  and  14.) 

Saiut  Louis,  Micb.    (See  Tables  Nos.  15  and  16.) 

Cairo,  111.     (See  Tables  Nos.  17  and  1H.) 

In  each  time-determination,  two  stars  of  over  80°  declination  were  observed,  and  the 
telescope  was  reversed  on  each  so  as  to  obtain  seven  wires  before  and  after  reversal. 
Five  or  more  time  stars  were  observed  over  fifteen  wires  for  telescope  direct,  aud  the 
same  nnmber  with  telescope  reversed. 

PROGRAMME  FOR  TIME-DETERMINATION. 

Level-readings. 

A  circumpolar  star,  (reversal  on.) 

L"vt>l  readings. 

Five  or  more  well-determined  time-stars. 

Level-readiugs. 
.  Reversal. 

Level -readings. 

Five  or  more  well-determined  time-stars. 

L^vel-readiugs. 

A  circumpolar  star,  (reversal  on.) 

Lev*  I-readiugs. 

Level-readings  were  also  taken  between  the  time-stars  when  the  interval  of  time  was 
sufficient. 

The  time  occupied  for  telegraphic  signals  was  generally  twenty  minutes  between  the 
two  independent  time-detei  mi  nation*.  In  determining  the  lougitud  sof  the  following 
points,  le*s  extended  observations  f<r  clock -correct*  on  w»  ru  made  at  Detro.t. 

Fort  Fetteroian,  Wyoming.     (See  Tables  No*.  9  and  10  ) 

Fort  Stockton,  Texas.    (Sew  Tables  No-.  H  and  9.) 

Fort  McKavett,  Texas.    (See  Tables  No-.  6  and  12.) 

Fort  C  ncbo,  Texas.     (See  Table  No.  It.) 

For  long'tnde  of  Forts  Richardson  and  Griffin,  observations  were  made  at  Detroit  by 
Assistant  Engineers  O.  B.  Wheeler  and  A.  R.  Flint. 

Observations  were  made  for  personal  equation  by  Captain  Adams  a"d  Lieutenant 
L  jckwood  in  exactly  the  same  uianuer  a*  lor  determining  longitude.  The  iransit-in- 
b  ruments  were  mounted  ou  piers  live  feet  aptrt.  Personal  equation  was  determined 
oq  two  nights  in  July,  18TG,  on  oie  nigh;  in  October,  1#76,  and  on  three  nighrs  in 
March,  1877,  after  o  -mpleting  the  longitude- work  at  Cairo.  The  results  are  given  in 
Tables  Nos.  1,  2, 7,  19,  20,  21, 22,  aud  27. 

COMPUTATIONS. 

The  time-work  for  all  stations  wan  computed  by  the  method  of  high  and  low  stars, 
and  the  time-work  for  loruiitnle  of  Mount  Forest,  111.,  a  primary  triaugu  atiou  statiou 
near  south  end  of  Lake  Michigan,  was  also  computed  by  the  method  of  least  square*. 
All  computations  have  been  checked  or  duplicated. 

The  probable  errors  of  tra  sit  over  a  siugle  thiead  were  computed  for  stars  of  differ- 
ent declinations,  as  follows : 

Table  J. 


A 
51 

6 
31 


FnucMiuoria 

Cephei   

UriMD  Miuoria 

Cnmelopardalin  .. 
Curiiagton  j5&>.. 
Carrington    299. . 

I  >rucmita 

Carrinjctoa  76  . 
Suirs  of  less  than 


6 

o 

/ 

88 

56 

t?7 

14 

8tf 

37 

t4 

05 

83 

41 

82 

59 

81 

52 

81 

49 

10 

dec. 

». 

1.51 
0.  «3 
0.  4tf 
0.50 
0.41 
0.35 
0.  33 
0.27 
0.  0f6 


Fiic  all  litue-s<ai8  a  weight  uuity  was  given  to  the  wean  of  elevou  wires,  aud  cue 
table  of  weights  below  was  then  computed  from  the  formula 

V  +  f  * 
11 

P  =  e  2  +  ?* 

n 

p=z  the  weight  to  be  given  to  n  wires. 
e,  =  thd  probable  onlmiuation  error  =  ±  0*049. 
e  =  the  probable  error  for  one  wire  =  ±  0.066. 

Tne  above  value  for  ?.,  =  is  that  adopted  for  the  larger  instruments  of  the  United 
Stales  Coast  Survey.     (See  page  224,  Report  of  1872.) 
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Table  B. 


Number  of  wires. 

p        ' 

0.86 

0.89        1 
0.93        | 
0.95        ! 
0.97 

0. 99        J 
1.00        ! 

Number  of  wires. 

P- 

5 

12 

1.01 

a 

13 

1.03 

•* 

14. 

1.03 

a *. 

IS 

1.04 

9 

16.. 

1.05 

10 

17 

l.OS 

ii  -. 

18 

L06 

The  weights  given  to  high  stars  were  computed  from  the  formula 

j      » e'2 

F       <"* 

*'  =  the  pn  bable  frror  for  one  wire  for  a  high  star. 

p'  =  the  weight  to  be  given  to  ft  wires. 

The  value  of  p  is  given  in  Table  B :  er  and  e'  iu  Table  A. 

After  completing  the  computation  of  seven  nights'  work  by  the  method  of  least 
squares,  a  compar  son  was  made  with  the  preliminary  reduction  by  the  method  of  high 
and  low  stars.  Tho  greatest  differences  in  results  from  the  two  methods  of  computa- 
tion were,  for  clock-correction,  0".033  ;  for  clock-rate  per  hour,  (K014.  The  mean  differ- 
ences were,  for  clock-correction,  0*.0l5;  for  clock- rate  per  hour,  (K005. 

The  right  ascensions  were  determined  from  Amer  can  Ephemeris,  1^76-77;  German 
Catalogue,  539  Sterne,  1876-'77,  and  General  Bericbt  Europiiische  Gradmessung,  1873. 

RESULTS. 

Longitudes  are  reckoned  from  east  pier  of  Lake  Survey  Observatory,  l-f76. 

m.  «. 
Astronomical  station  at  Monnt  Forest,  III.,  west 19  15.315 

A  mean  of  four  results.     (See  Table  No.  23.) 
Astronomical  station  at  Saginaw,  Mich.,  west 3  38.966 

A  mean  of  two  results.     (See  Table  No.  24.) 
Astronomical  station  at  Saint  Louis,  Mich.,  west. 6  12.575 

A  mean  of  two  results.     (See  Table  No.  25.) 
Astronomical  station  at  Cairo,  111.,  west 24  25.866 

A  mean  of  two  results.     (See  Table  No.  26.) 

The  observations  at  Mount  Forest,  Sagiuaw,  Saint  Louis,  and  Cairo  were  made  by 
Lieut.  D.  W.  Lockwood,  UuitedSta.es  Engineers.  Tables  of  time-work  are  given  iu 
his  report,  Appendix  D. 

Fort  Fetterman,  Wyoming:  h.  m.    «. 

From  work  of  July  22,  1876,  west 1  29  45.50 

From  work  of  July  28,  1876,  west 1  29  43.65 

Mean  west 1  29  44.6 

Time  observations  were  made  at  Fort  Fetterman  by  Capt.  W.  L.  Stanton,  with  a  sex- 
tant.   Results  given  iu  office  papers  6o0  and  736. 

Fort  Richardson,  Texas:  A.m.    «. 

From  work  of  May  10,  1876,  west 1  00  26.55 

From  work  of  May  12,  1876,  west 1  00  26.  48 

Mean  west 1  00  2b\51 

Fort  Griffin,  Texas:  k.  m.     «. 

From  work  of  June  5,  1876,  west 1  04  43.21 

From  work  of  June  6,  1876,  west 1  04  42.84 

Mean  west 1  04  43  02 

For  June  5  the  clock-correction  at  Detroit  depends  on  observations  made  June  2  and  6. 

Fort  .Stockton,  Texas:  h.  m.    *. 

From  work  of  July  17,  1876,  west 1  19  18.08 

From  work  of  July  22,  1*76,  west 1  19  16.98 

Menu  west 1  19  17.53 

Fort  Concho,  Texas :  h.  m,     *. 

From  work  of  July  31,  1876,  west 1  09  30.64 

Fort  McKavett,  Texas:  h.  m.     «. 

From  work  of  August  29,  1876,  west 1  08  13  28 

The  clock-correctiou  at  Detroit  depends  on  observations  of  August  26  and  Septem- 
ber 1. 
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Observations  at.  Forte  Richardson,  Grifflo,  Stockton,  Concho,  and  McKuvett  were 
made  by  Lieut.  William  Hoffman,  Eleventh  United  States  Infantry,  acting  engineer 
officer  Department  of  Texas,  and  the  longitudes  of  the  above  points  depend  on  the  time 
of  signals  sent  and  received  at  these  places,  as  furnished  by  Lieutenant  Hoffman  in 
office  report  No.  797. 

A  large  discrepancy,  1M,  appears  in  the  results  for  two  nights'  work  at  Fort  Stock- 
ton. All  computations  of  time-woik  and  time  of  s'gnals  at  the  Lake  Survey  Observa- 
tory have  been  duplicated  and  checked. 

EXPLANATION  OF  TABLES. 

I. — Tables  1  to  7,  inclusive. 

Com  potation  of  time-determinations  by  the  method  of  least  squares"  D"  indicates 
telescope  direct ;  **  R  n  indicates  telescope  reversed. 

a  =  the  assumed  value  for  azimuth  of  transit -instrument  in  seconds  of  time. 
da  =  the  correction  to  a  determined  from  normal  equations. 
A  —  the  azimuth  factor. 
B  =  the  inclination  factor. 
C  =  the  collimation  factor. 
/>  =  the  level -correction. 
c  =  the  correction  for  collimation. 
&  i  =  the  reduction  to  the  middle  wire. 
a  b  r  =  the  correction  for  diurnal  aberration  =  0*.021  cos.  latitude, 
r  =  the  interval  in  clock-hours  for  which  the  rate  p  is  applied. 

..-.the  rate  per  clcck-hour  j  +^»  Jft* 

/'=the  observed  time  of  transit  corrected  for  azimuth,  inclination,  collimation, 

reduction  to  middle  wire,  diurnal  aberration,  and  rate. 
a  =  the  right  ascension. 
a  f  =  the  clock-con ection  at  a  given  epoch  as  determined  from  a  single  star. 
p  =  the  weight  given  to  a  ('. 

H  =  vbe  assumed  value  for  clock -correction  at  a  given  epoch. 
«J  V  =  the  correction  to  6  determined  from  normal  eqnatiou*. 

a  i0  =  the  clock-correction  at  a  gi  veu  epoch  =  (0  +  d  0)  <j  +  ^jj  j^w* 

II. — Tables  8  to  21,  inclusive. 
Computation  of  time-determinations  by  the  method  of  high  and  low  stars  : 

f0  =  the  observed  time  of  transit  corrected  for  azimuth,  inclination,  collimation, 
reduction  to  middle  wire,  and  diurnal  aberration. 
At  —  the  clock-correction  from  a  single  time-star, 
a  I'  =  a  t  corrected  for  rate. 

a  =  the  azimuth  of  transit-instrument  as  computed  from  high  and  low  stars. 

Other  symbols  denote  the  same  as  in  computatiou  by  least  squares. 

Ill— Tables  S3  to  27,  inclunve. 

Telegraphic  comparisons  of  time-pieces  for  determination  of  longitude  and  for  personal  equation  of 

observers. 

Kach  result  is  thn  mean  from  15  ticks  as  registered  by  both  timepieces  on  a  chronograph. 

The  chrooograp- -readings  for  a  single  result  from  fifteen  ticks  sent  from  Cairo  to  Detroit  are  given 
below  -. 

CAIRO.  DKTRGIT. 

Chronometer  No.  1524.  Clock  No.  256. 

h-  m.  i.  h.  in.      8. 

4  26  07.00  4  28  05.30 

4  26  08.00  4  28  OH.  30 

4  26  09.00  4  28  07.30 

4  26  10.00  4  28  0a  30 

4  26  11.00  4  28  09.30 

4  26  12.<!0  4  28  10.30 

4  26  13  00  4  28  11.30 

4  26  14.00  4  28  12.30 

4  26  15.00  4  28  13.30 

4  26  16.00  4  2S  14.30 

4  26  17.00  4  28  15.31 

4  26  18.00  4  28  16.30 

4  26  19.00  4  28  17.30 

4  26  20.00  4  28  18. 30 

4  26  21.00  4  28  19.30 

Means  4  26  14.000  4  28  12.301 

All  comparisons  of  time-pieces  for  longitude  of  Mount  Forest,  Saginaw,  Saint  Louis 
and  Cairo  were  made  as  above. 
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Appendix  D. — Astronomical  Work. 

REPORT  OP  LIEUTENANT  D.   W.  LOCKWOOD,  CORP8  OF  ENGINEERS. 

Detroit,  Mich.,  May  7, 1377. 

Sir  :  I  bave  the  honor  to  make  the  following  report  of  work  done  by  myself  and 
under  my  charge  during  last  season  : 

Acting  under  verbal  instructions,  I  was  engaged  during  a  part  of  the  month  of  July 
in'tHkmg  time-observations  for  personal  equation  betweeu  Captain  Adams  aud  myself. 
On  July  26  I  received  instructions  to  occupy  the  followiug  stations,  to  determine  the 
difference  of  longitude  between  them  aud  Detroit  observatory,  viz:  Station  Willow 
Springs,  III.;  Saginaw.  Saint  L>uis,  Farwell,  Midland,  Horsey,  and  Big  R  ipids,  Mich. 
At  all  tin  stations  in  Michigan  two  n  touts'  observations  for  latitude  wore  to  be  taken, 
and  at  Willow  Springs,  Sagt  iaw.  Saint  Loiiis,  and  M  dland  the  magnetic  elemeuts  were 
to  be  determined  ;  afterward  I  was  ordered  to  occupy  Cairo,  111.,  for  difference  of  longi- 
tude, and  bit i tiule.  The  followiug  is  a  summary  of  the  season's  time-work.  All  obser- 
vations at  Detr  it  wer*  for  personal  equation. 

Detroit,  July  15  aud  18,  1876. 

Mount  Forest,  (near  Willow  Springs,)  August  17,  23,  25,  and  26. 

Saginaw,  September  12  and  16. 

Saint  Luis,  October  11  and  12. 

D-  troit,  October  23. 

Cairo,  December  5  and  19. 

Detroit,  March  10,  19,  and  28,  1877. 

The  instruments  used  for  time-work  were  as  follows  :>  Wilrdemann  astronomical  tran- 
sit No.  1,  focal  length  31  inches,  2}  inches  object-glass,  Negus  break-circuit  sidereal 
cbrouometer  No.  1524,  and  Bond  &  Sou's  chronograph  No.  245.    The  methods  of  record- 
ing tune  sending  aud  receiving  signals  were  the  same  as  followed  at  the  observatory 
at  Detroir.     The  work  on  the  nights  of  July  15  aud  H,  August  17,  23,  25,  and  2j\  was 
reduced  by  the  method  of  least  squares.    The  high  aud  low  star  ineth  id  of  reduction 
was  adopted  for  the  remainder  or  the  season.    Tables  giving  individual  results,  &c, 
for  each  night  are  appended  hereto.    The  same  system  of  notation  i a  making  them  up 
is  used  as  given  by  Captain  Adams. 

Observations  for  latitude  were  taken  at  Saginaw,  Saint  Louis,  and  Cairo;  the  in- 
strument used  being  Wurdemaun  zenith-telescope  No.  19.  The  results  at  the  different 
stations  are  appended  hereto. 

At  Cairo,  III.,  observations  were  taken  to  determine  the  azimuth  of  the  line,  Station 
Defiance-Station  Ohio.    The  azimuth-post  was  carefully  located  on  the  line  of  the  two 
stations.    Appended  to  this  will  be  found  the  results  on  the  different  nights. 
Very  respectfully, 

D.  W.  Lock  wood, 
First  Lieutenant  of  Engineers. 

Maj.  C.  B.  Comstock, 

Corps  of  Engineers, 
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Latitude* — Observer,  Lieutenant  Lockwooi. 


Station. 


8*ginaw,  Mich . 
Saginaw ,  Mich . 


Saint  Louis,  Mich 


Cairo,  111 

Cairo,  III 

Weighted  mean . 


Date. 


Sept  19, 1876 
Sept  91, 1676 


Oct     2, 1876 

Dec.    2, 1876 
Dec.     3, 1876 


No.  pairs. 


26 
26 


30 

20 
25 


Latitude. 


O       I         II 

43  25  07.  606 
43  25  07. 574 


43  25    7.  590 

43  24  33.  806 

36  59  4*.  421 

48.  18-2 

36  59  48.  -290 


P.K. 


±0. 104 
±0. 164 

±0.096 


SUMMARY  OF  RE8ULTS  FOR  AZIMUT&    AT  CAIRO,   ILL. 

Observer,  Lieutenant  Lockwood. 


Date. 

No.  of 
results. 

XUrs.Min. 

No.  of 
results. 

Polaris. 

Remarks. 

1877. 
Jun    on 

o       '        /' 

8 
8 

O       l'      II 

10  51  36. 10 
30.67 

Instruments :  12-inch  Trough  ton  &  Simms.  and 
sidereal  chronometer  1524. 

23 
24 

8 
8 
8 
8 

10  51  :<4.  84 
36.75 
36.36 
40.84 

27 

28 
28 

8 
8 

■  ••••■•■ 

38.37 
35.02 

Mean  ea 

ton  star 

10  51  37.  20 

10  51  35.04 

O       I         II 

Total  mean  piving  equal  weight  to  each  star 10  51  26. 12 

Dinrnal  aberration —0.31 

Station  OMo  west  of  north % 10  51  35.81 

Aaimulh  station  Defiance— station  Ohio. 169  06  24. 19 


Appendix  E. — Magnetic  Work. 

1.   REPORT  OF  LIEUTENANT  CHARLES  F.   POWELL,   CORPS  OF  ENGINEERS. 

Detroit,  Mich.,  May  17,  1877. 

Major  :  I  have  to  submit  the  following  report  of  my^vork  on  the  survey  for  the  past 
year: 

Daring  the  Rummer  of  1876,  while  expecting  orders  for  a  change  of  station  and  duty, 
I  was  engaged  in  the  office  upon  the  partial  computation  of  Captain  Adams'  time-work, 
exchange  of  signals  for  telegraphic  longitude,  and  the  performance  of  special  duties 
assigned  from  time  to  rime.  On  September  5, 1  was  directed  to  proceed  to  h\  Crosse, 
Wis.,  Galena  and  Rock  ford,  111.,  and  Marshall,  Mich.,  on  magnetic  work.  The  outfit 
which  had  recently  been  ns*-d  by  Lieut.  T.  N.  Bailey,  on  the  same  duty  at  other  points, 
and  the  detailed  instructions  given  him  concerning  the  number  and  accuracy  of  obser- 
vations required,  were  transferred  to  me.  The  values  of  the  magnets'  scale-divisions, 
coefficients  P  and  Q,  and  moment  of  inertia  of  the  intensity  magnet  and  stirrup,  as 
determined  by  Lieutenant  Bailey,  wero  accepted.  Constants,  liable  to  change,  were 
redetermined  at;  each  station. 

Extreme  care  was  exercised  in  the  selection  of  sites  for  stations  in  order  to  avoid  the 
effect  of  local  attraction,  aud  the  required  observations  to  attain  that  condition  were 
always  made.  The  results  at  Galena,  however,  may  be  looked  upon  with  some  suspi- 
cion. The  lead  abounding  in  that  region  is  found  imbedded  in  ferruginous  clay,  and 
has  associated  with  it  iron-ores  in  small  quantities,  and  calamine  (pyro-electric)  in 
larger.  The  error  in  observations  on  account  of  torsion  was  reduced  to  a  minimum 
and  its  correction  determined.    The  field-work  was  completed  on  October  19. 

Daring  the  following  winter,  I  made  the  computations  of  my  own  observations,  some 
additional  ones  of  Lieutenant  Bailey's,  and  the  original  computation  of  all  of  Lieuten- 
ant Lock  wood's  magnetic  work.  I  was  also  engaged  upon  astronomical  and  other 
office-work. 
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The  tabulation  of  all  tbe  results  of  magnetic  work  for  the  year,  made  by  yonr  direc- 
tion, is  appended.  In  the  column  of  Table  4,  "  Differences  between  magnetic  fore- 
sights and  back-sights/'  showing  results  of  examinations  for  local  attraction,  the  lines 
A  and  B  radiate  from  the  magnetic  post  and  include  an  angle  of  about  90° ;  they  are 
from  300  to  600  feet  in  length. 


The  daily  values  for  horizontal  intensities,  except  at  Mount  Forest,  are  independent — 
deflections  having  been  immediately  preceded,  followed,  or  both  preceded  and  followed, 
by  oscillations. 

At  Mouut  Forest  the  mean  of  results  from  oscillations  on  two  preceding  days  was 
combined  with  the  angle  given  by  each  set  of  deflections. 
Very  respectfully,  your  obedient  servant, 

Charles  F.  Powell, 
t  First  Lieutenant  of  Engineers. 

Major  C.  B.  Comstock, 

Corps  of  Engineers. 


MAGNETIC  WORK,  1876. 

Table  1. — Locations  of  stations  and  azimuth  observations. 


Stations. 

Latitude. 

Longitude  | 

west  of    j       Co-ordinates  from — 
Greenwich.' 

Azimuth,  W.  of  S. 

;*  &  —  mark. 

Methods. 

Results. 

0         » 

o        / 

0       1 

Detroit,  Mich 

42    20.0 

• 

83    03.1 

Lamp-post  at  southwest 
corner  of  Clifford  street 
and  West  Part  Place, 
south  13°  0&.3  west; 

Northwest  corner  o/  lake- 
survey  building,  south 
26°  Ol'.O  west. 

13    06.3 
13    06.3 

Wabasha,  Minn.. 

44    18.0 

92    07.0 

Southwest  corner  of  Riv- 
erside House,  105  feet ; 

Northwest  corner  of  Riv- 
erside House,  58  feet. 

Polaris 

1    08.1 

Polaris 

• 

1    08.1 

La  Crosse,  Wis... 

43    4*8.8 
48    25.2 

91    15.1 
90    25.9 

Southeast    corner    Main 
Street  Park  fence,  north 
43°  06'.7  west ;  97.6  feet 

United  States  lake-survey 
astronomical  post,  1873, 
south    72°  34.8    east; 
59.2  feet. 

Equal  altitudes  of 

sun. 
Polai  is 

75    35.7 
75    34. 5 

Astronomical  post 
connection. 

1    42.0 
1    42.0 

1    41.5 

Rock  ford,  HI 

42    17.0 

89    06.6 

East  post  at  north  corner 
of    East    Park    fence, 
south    12°  24'.4    east; 
210.2  feet. 

72    37.6 
72    35.8 
72    37.7 

Marshall,  Mich . . 

43    16.4 

84    57.8 

United  States  lake-survey 
astronomical  post,  1875, 
south  21°  16'.4  west ;  95 
feet.' 

177    30.3 
177    29.6 

Mount  Forest,  111. 

41    44.7 

87    51.9 

United  States  lake-survey 
astronomical  post,  1876, 
north;  200  feet. 

Polaris,  e.  e 

26    54.3 
26    55.4 

Saginaw,  Mioh... 

43    25.1 

83    57.8 

United  States  lake-survey 
astronomioal  post,  1876, 
northeast ;  100  feet 

Polaris 

1     13.3 
1     15. 

Saint  Loafs,  Mich. 

43    24.5 

84    36.2 

United  States  lake-survey 
astronomical  post,  1876, 
sontheast;  150  feet. 

Polaris 

! 

1 

93    5a  4 
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Table  2 :  Observers,  instruments,  fc. 


Stations, 

Observers. 

4 

p 
© 

B 

a 

U 

p 

M 

Scale-readings  at  mag- 
netic axes. 

Magnetic 

of  deflf 

68c 

moment 

Declination- 
magnet 

Suspended  - 
magnet 

>cior  at 
F. 

Detroit 

Lieut  T.  N.  Bailey 

Lieut  T.N. Bailey 

Lieut  C.  F.  Powell 

Lient  C.  F.  Powell 

Lieut.  C.  F.  Powell 

Lient.  C.  F.  Powell 

Lieut  D.  W.  Lock  wood . ' 
Lient  D.  W  Lock  wood . ' 

i 

i 
Lieut  D.  W.  Lock  wood. 

f 

■*» 
A 

J* 

• 

* 
e 

a 

© 

i 

© 

i 

•  s 

1      6 

s> 

01 

a 

^^ 

o 

1 

• 

a 

i 
e 

© 

1 

♦a  o  a 

jsS  a 
ua-a 

s  a  a 

£=  « 

*"•  >T 

/    ©    U   ©         \ 

o  *Ka 

^  a©  * 

4,        ee  J; 

§4B£ 

13.56 
13.50 
13.53 

15.48 
15.53 
15.41 

0.0998 
0.0995 
0.0998 

Ft. 

r  =  1. 40 

1.40 

13.53 

15.47 

1.40 

13.53 
13.53 

15.80 
15.97 

0.1004 
0.1003 
0.1000 
0.0999 

1.00 
1.33 
1.00 
1.33 

13.53 

15.88 

13.30 
13.34 
13.19 

15.83 
15.76 
15.83 

0.1005 
0.1004 

0.1003 
0.1003 

1.33 
1.00 

1.00 
1.33 

13.21 

15.80 

Galena. .......... 

13.34 
13.39 
12.39 
13.39 

15.80 
15.86 
15.83 

0.1003 
0.1002 

0.1004 
0.1004 

1.00 
1.33 

1.00 
1.33 

f 

13.33 

15.83 

Eockford 

13.31 
13.44 
13.43 
13.  38 
13.36 

15.99 
15.76 
15.70 
15.83 

i 

0.1006 
0.1005 

0.1007 
0.1006 

1.00 
1.33 

1.C0 
1.33 

13.36 

15.83 

Marshall 

13.33 
13.38 

15.74 
15.80 

0.1008 
0.1007 

0.1008 
0. 1007 

1.00 
1.33 

1.00 
1.33 

12.30 

15.77 

lionnt  Forest.... 

38.77 
38.65 
38.87 
38.77 

0.2729 
0.3733 
0.3723 
0.2723 

1  33 

1   17 

1  33 

1   17 

38.76 

Saginaw 

(38.  76) 

0.2757 
0.2759 
0.2763 
0.3760 

1.23 
1  33 

1  23 

1  35 

. 

Saint  Louis,  Mich 

(38. 76) 

0.2769 
0. 2767 
0.3775 
0.2775 

1  23 

1   35 

1  93 

1  35 
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Table  3 :  Dates  of  principal  observation*. 


Stations. 


>  Detroit 

Wabasha 

La  Crosse  .\ 

Galena 

Rockford 

Marshall 

Mount  Forest 

Saginaw 

Saint  Louis,  Mich 


6 
•*»  . 

«  o 
■3  3 


1876. 
May  18 


Aag.    5 
Sept.  15 

Sept  26 

Oct     7 

Oct    14 


5«* 

o  © 

■m  a 

at  rtf 
a  a 

Dip. 

*  >> 

P* 

1876. 

1876. 

June    3 

May  24 

6 

25 

Aag.    8 

Aag.    7 
8 

Sept  18 

Sept  18 

20 

19 

21 

Sept  29 

Sept.  28 

30 

29 

Oct.     5 

Oct      6 

6 

9 

9 

11 

Oct    15 

Oct    16 

16 

17 

17 

Aag.  26 

Aag.  29 

28 

30 

Sept.  20 

Sept  21 

21 

22 

Oct    12 

Oct    14 

13 

15 

a 
a 


1876. 
Jane    3 
5 
6 

Aag.  11 
*   12 

Sept  21 
22 


Sept  28 
29 


Oct     7 
10 


Oct    17 

18 


Sept    1 
2 

Sept  16 
18 

Oct    14 
15 


3 

B 
S3 


1876. 
May     31 


June 
Aug. 

Sept 


7 
8 


Sept    29 

30 

Oct        1 


Oct 


7 

9 

10 


Oct      14 
17 

Aag.    22 
27 

Sept.    23 

H 

Oct.     11 
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2.— REPORT  OP  LIEUTENANT  THOMAS  N.  BAILEY,  CORPS  OF  ENGINEERS. 

Wabasha,  Minn.,  August  14, 1876. 

Major:  I  have  the  honor  to  submit  the  following  report  of  magnetic  observations, 
made  ander  yoar  direction  by  me  at  Detroit,  Mich.,  and'  Wabasha,  Minn. 

Tue  instruments  used  were  WHrdemann  theodolite-magnetometer  No.  3,  Barrow 
dip-circle  No.  26,  Gain  bey  sextant  No.  1,  and  Bond  mean  time  chronometer  No.  201. 

The  magnets  employed  were  new  ones,  sufficiently  light  to  admit  of  suspension,  with- 
out risk  of  breakage,  by  a  single  fiber  of  unspun  silk. 

The  values  of  one  division  of  the  magnets  were  determined  by  observations  upon 
different  parts  of  the  scales.  No  irregularities  of  divisions  were  detected.  The  tem- 
perature co-efficient  of  the  long  magnet  was  deduced  from  deflections  at  about  32°  aud 
100°  F. 

The  value  of  the  co-efficient  P  depending  upon  the  distribution  of  magnetism  was 
found  so  small  that  it  was  neglected. 

The  moment  of  inertia  of  the  long  magnet  and  stirrup  was  obtained  from  loaded  and 
unloaded  oscillations ;  the  load  being  a  brass  ring. 

The  instrumental  corrections  of  the  dip  circle  were  neglected  because  of  their  small 
value. 

Previous  to  selecting  a  station,  observations  were  made  to  detect  local  attraction, 
bearings  being  taken  with  the  magnetometer  from  the  ends  of  two  radii  at  right  augies 
to  each  other  and  from  300  to  600  feet  long. 

At  each  station  two  results  for  azimuth  were  obtained,  and  two  results  for  declina- 
tion, each  of  the  latter  being  the  mean  of  the  morning  and  afternoon  elongations ;  tor- 
sion was  carefully  watched ;  in  each  case  the  torsi  on -bar  was  left  suspended  over- 
night before  observing.  As  a  check  upon  large  errors,  declination  was  also  observed 
with  a  compass-needle. 

At  least  two  independent  determinations  of  horizontal  force  were  made :  by  oscilla- 
tions and  right-angled  deflectious  at  two  distances. 

Dip  was  observed  on  two  days.  Each  time  both  needles  were  used  with  their  poles 
direct  aud  reverse ;  there  being  generally  160  readings  with  microscopes  for  each  day's 
determination. 

Care  was  taken  during  observations  to  remove  to  a  safe  distance  all  objects  which 
might  affect  the  magnets. 

The  approximate  latitude  of  the  station  at  Wabasha,  by  circum-meridian  altitudes 
of  the  sun,  is  44°  18'. 

Descriptions  of  stations  and  other  details  will  be  found  in  my  office-report  and  note- 
books. 

It  was  intended  that  other  points  should  be  occupied  during  the  summer,  but  while 
at  Wabasha  I  received  orders  changing  my  station  to  West  Point,  N.  Y. 

Tables  of  results  are  appended. 


Value*  of  one  division  of  scales. 


Long  magnet. 

Short  magnet. 

► 

2.31 

9.77 

.32 

.75 

.30 

.73 

.33 

.80 

.33 

.80 

.39 

.74 

.31 

.74 

Individual  results  in  minutes  of  arc  .  < 

.33 
.39 

.75 
.75 

.39 

.74 

.39 

.74 

' 

.34 

.75 

.33 

.75 

.39 

.75 

•  •  •  • 

.75 

, 

•  •  •  • 

.75 

9.39 

9.75 
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Temperature  co-efficient  of  long 
magnet. 


Individual  results .  < 

0.00045 
0. 00053 
0. 00048 
0.00040 
0. 00044 
0.00033 

Adopted  value. . . 

0.00044 

Moment  of  inertia  of  lone  magnet 
and  stirrup  at  temp.  —  68°  F. 


f 

Individual  results .  < 

3.510 
.506 
.508 
.513 
.507 
.514 
.509 

•  «Kcs 

.523 
.517 

Adopted  mean . . . 

3.513 

Log.K 

0.  40014 

Examinations  for  local  attraction. 


Difference  between  fore-sight  and  back-sight. 


Detroit,  May  18 

Detroit,  May  18  ..  . 
Wabasha,  August  5. 
Wabasha,  August  5. 


Line  A 

Line  B 

Line  A 

Line  B 


// 


00  03  00 

00  03  00 

00  03  53 

00  00  15 


Positions  of  scale-zeros. 


Date. 

Temperature  F. 

Long  magnet. 

Short  magnet. 

Detroit.  Jane  3 

• 

o 

74 

86 

13.53 
13.53 

15.47 

Wabasha,  August  7 

15.88 

Azimuth. 


Date. 


Detroit,  May  31 
Detroit,  Jane  1 


Adopted  results 

Wabash*,  August  7. 
Wabasha,  August  8. 

Adopted  results 


Determinations. 


Method. 


By  sun  at  noon . 
By  sun  at  noon . 


By  Polaris 
By  Polaris 


Results. 


o 

/ 

it 

13 

06* 

19 

13 

06 

15 

13 

06 

17 

01 

08 

05 

01 

08 

07 

01    08    06  ' 
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Magnetic  elements. 


• 
Date. 

i 

Dip. 

Declination. 

Horizontal 
intensity. 

Total 
intensity. 

Mag.  moment  of 
long    mag.  at 
68°  F. 

Detroit,  June,  1878 

o       / 
73    30 

73  38 

74  80 
74    83 

O          1         II 

00    04    49  E. 

00    04    36  E. 
08    04    37  E. 
08    04    01  E. 

3.897 
3.899 
3.899 
3.721 
3.786 

0.099 

0.100 

Detroit,  June,  1876 

13.781 

0.100 

0.100 

Wabasha,  August,  1876 

13.814 

0.100 

Ranges  in  work. 


Ranges  permitted 
by  instructions. 

Extreme  ranges  obtained 

Detroit. 

Wabasha. 

Local  attraction 

Azimuth 

oy 

02* 

W 

W 

0.035 

O^-OO" 
00/-04" 
08'-00" 
00'-13" 
0.003 

02*    58" 
00*    09" 

Dip  

03'    00" 

Declination 

00*    36" 

0.005 

Very  respectfully,  your  obedient  servant, 

Thomas  N.  Bailey, 
Second  Lieutenant  of  Engineers,  U.  S.  A. 
Major  C.  B.  Comstock, 

Corps  of  Engineers t  U.  S.  A. 


Appendix  F. — Leveling  Operations. 


report  of  messrs.  l.  l.  wheeler  and  f.  w.  lehnartz,  assistant  engineers. 

Office  United  States  Lake  Survey, 

March  31,  1877. 

General  :  We  have  the  honor  to  submit  the  following  report  on  leveling  operations 
during  the  summer  of  1876  for  determining  the  elevation  of  the  great  lakes  above  the 
level  of  the  sea. 

The  plan  of  operations  for  determining  the  elevation  of  the  lakes  has  beeu  given  in 
our  report  dated  February  10,  1876.  (See  Annual  Report  of  the  Chief  of  Engineers  for 
1876,  page  70,  Part  III) 

We  were  instructed  to  connect,  during  the  past  season,  the  bench-marks  at  Escanaba 
with  those  at  Marquette  by  duplicate  lines  of  levels,  aud  for  this  purpose  two  parties 
were  detailed  and  placed  under  our  charge,  each  party  consisting  of  a  recorder  and 
two  men. 

Work  was  commenced  at  bench-mark  (1)  at  Escanaba  August  11,  and  the*  bench- 
marks at  Marqnette  weie  reached  October  '28. 

The  two  parties  worked  together  during  the  season. 

The  length  of  line  leveled  is  104.7  kilometers,  (=  65  miles,)  and  the  mean  distance  lev- 
eled per  day  for  the  days  on  which  work  could  be  don* is  2.19  kilometers. 

The  parties  were  much  delayed  in  the  work  by  wiud  and  unsteadiness  of  the  atmos- 
phere, and  it  was  very  seldom  that  work  could  be  continued  throughout  an  entire  day. 

The  route  followed  was  along  the  Chicago  and  Northwestern  Railroad  from  Escanaba 
to  U.  S.  B.  M.  5,  and  along  wagon-roads  from  that  point  to  Marquette. 

Throughout  the  season  Mr.  E.  S.  Davis  acted  as  recorder  for  Assistant  Engineer 
Lehnartz,  and  Mr.  J.  B.  Johnson  acted  as  recorder  for  Assistant  Engineer  Wheeler,  and 
deserve  much  credit  for  the  interest  taken  in  the  progress  of  the  work. 

The  instruments  used  in  this  work  were  constructed  by  Kern,  of  Aarau,  Switzerland, 
and  werelevelingtinstruments  Kern  Nos.  1  and  2,  and  level ing-rods  Nbs.  2  and  3. 
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The  leveling-iostruments  are  alike  in  construction,  and  the  same  description  applies 
to  both. 

The  instrument  is  supported  on  the  tripod  by  three  foot-screws,  and  is  fastened  to  it 
by  a  hook  passing  up  through  the  triangular  opening  in  the  head  of  the  tripod. 

This  hook  is  drawn  downward  by  a  coiled  spring,  which  maintains  a  constant  pres- 
sure on  the  leveling-screws. 

One  of  the  leveling-screws  terminates  in  a  sphere,  which  is  firmly  united  to  the  frame 
of  the  tripod  as  a  guard  against  accidents. 

The  instrument  revolves  about  a  vertical  axis  in  the  usual  manner,  and  is  provided 
with  clamp  and  tangent-screw. 

To  the  upper  end  of  the  vertical  axis  a  horizontal  bar  is  attached.  Above  this  bar 
auother  bar  is  attached  in  such  a  manner  that  one  end  may  be  moved  in  a  vertical  di- 
rection by  means  of  a  slow-motion  screw,  or  held  immovable  by  a  clamp-screw. 

The  other  ends  of  the  bars  are  joined  in  such  a  mauner  that  two  opposing  screw  s  act 
as  pivots  about  which  the  vertical  motion  of  the  upper  bar  takes  place. 

These  screws  also  permit  a  small  lateral  motion  of  that  end  of  the  upper  bar. 

The  telescope  is  supported  in  wyes  attached  to  the  upper  bar,  which  are  closed  by 
means  of  spring  catches. 

The  diameter  of  the  object-glass  is  1  f%  inches,  the  focal  length  14|  inches,  and  mag- 
nifying power  of  the  telescope  is  50  diameters. 
*    The  reticule  is  provided  with  one  vertical  and  three  horizontal  wires. 

The  angular  distance  of  the  extreme  wires  from  the  middle  wire  was  determined  by 
readings  taken  on  the  rod  at  distances  varying  from  10m  to  100  metres. 

The  angular  distance  of  the  upper  wire  from  the  middle  is,  for  No.  1,  17'  33"  ;  and 
for  No.  2,  17'  31".  And  of  the  lower  wire  from  the  middle  wire  is,  for  No.  1,  17'  42" ; 
and  for  No.  2,  17'  43".  And  the  distauce  between  the  extreme  wires  is,  for  No.  1,  35' 
15" ;  and  for  No.  2,  35'  14". 

By  means  of  these  observations,  tables  were  formed  showiug  the  distance#of  the  rod 
from  the  instrument  for  any  observed  difference  of  the  readiugs  of  the  extreme  wires 
on  the  rod. 

The  level  is  inclosed  in  a  wooden  case  supported  at  the  ends  on  wyes  which  rest  on 
the  pivots  (rings)  of  the  telescope,  after  the  maoner  of  the  striding-level  of  an  astro- 
nomical transit.   * 

One  of  the  wyes  may  be  adjusted  in  a  horizontal,  and  the  other  in  a  vertical  direc- 
tion, and  from  each  project  small  steel  pius  which  pass  under  the  spring-catches  fasten- 
ing the  telescope  in  the  wyes.  By  raising  the  spring  catches  the  level  may  be  reversed 
on  the  telescope,  thus  determining  the  error  of  adjustment  of  the  level,  and  the  tele- 
scope reversed  in  its  wyeB,  and  by  a  combination  of  these  two  operations  the  inequality 
of  the  pivots  may  be  determined. 

Assistant-Engineer  Lehnartz  determined  the  inequality  of  the  pivots  by  a  series  of 
observations,  made  in  the  Lake  Survey  Observatory,  and  found  the  pivot  at  eye-end 
of  No.  1  to  be  0".  234  ±  0".  046  larger,  and  of  No.  2  to  be  0".  553  ±  0.  041  smaller  than 
pivot  at  object-end  of  telescope.  (Office  report  668.) 

The  divisions  of  the  level  are  etched  on  the  glass  tube,  and  the  value  of  the  divisions 
was  determined  by  Lieut.  T.  N.  Bailey,  by  means  of  a  lftvel-trier. 

One  division  of  No.  1  was  found  to  have  the  value  4". 87,  and  of  No.  2,  2". 15.  (Office 
report  659.) 

The  upper  portion  of  the  level-case  is  of  plate-glass,  above  which  is  a  mirror  moving 
on  a  hinge  in  such  a  manner  that  the  observer  may  note  the  position  of  the  level,  his 
eye  being  near  the  eye-piece  of  the  telescope. 

The  rods  are  constructed  of  well-seasoned Tir- wood,  and  have  a  breadth  of  8cm.,  and 
thickness  of  2.cn>5. 

They  are  strengthened  by  a  strip  of  wood  extending  the  length  of  the  rods,  having  a 
breadth  of  5cm.,  and  thickness  of  2.cm5,  attached  to  the  rod  in  such  a  manner  that  a 
cross-section  would  be  T-shaped. 

The  rotls  are  divided  into  centimeters,  the  graduation  extending  three  meters. 

The  value  of  the  divisions  of  the  rods  was  determined  by  Assistant-Engineer  Wheel  er 
by  comparisons  with  the  standard  brass  meter  scale. 

The  mean  length  of  a  meter  was  found  for  rod  No.  2  to  be  999.mm840,  and  for  No.  3 
to  be  999.mmSK)3.    (See  office  report  No.  662.) 

The  rods  have  handles  attached  at  1  meter  above  the  foot  to  aid  in  holding  the  rod, 
and  a  watch-level  attached  at  1.3  meters  above  the  foot,  for  keeping  the  rod  in  a  ver- 
tical position. 

A  plumb-line  can  also  he  attached  for  adjusting  the  watch-level. 

The  rod  is  supported  ou  a  cast-iron  foot-plate  while  working,  and  is  accompanied  by 
a  tripod,  by  means  of  which  it  cau  be  held  in  a  vertical  position. 

Before  commencing  work  at  any  time  a  number  of  observations  were  made  for  de- 
termining the  error  of  adjusted  of  the  instrument. 

For  this  purpose  the  rod  is  supported  in  its  tripod  in  a  vertical  position,  determined 
by  the  plumb-line  aud  its  level  adjusted. 
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The  collimation  was  then  determined  by  noting  the  position  of  the  three  horizontal 
wires  on  the  rod  when  the  telescope  was  in  its  normal  position,  and  when  it  was  ro- 
tated 160°  about  its  axfs. 

The  collimation  of  the  mean  of  the  wires  was  thus  determined!  and  was  never  allowed 
to  exceed  2.mm5  for  a  distance  of  100  meters. 

The  determination  of  the  level-error  (inclination)  was  made  by  reversing  the  level 
several  times  on  the  telescope,  and  was  never  allowed  to  exceed  2  divisions  of  the 
level. 

The  observations  for  collimation  and  inclination  were  nsnally  repeated  at  the  close 
of  a  day's  work. 

When  working,  the  instrument  was  set  up  iu  such  a  position  that  the  back-Right  aud 
fore-sight  should  be  nearly  equal,  the  difference  in  length  of  sights  being  limited  to 
10  meters. 

The  length  of  sight  was  not  to  exceed  100  meters.  After  having  properly  leveled 
the  instrument,  the  observations  were  made  in  the  following  order :  First  the  level  was 
read,  the  tenths  of  the  division  being  estimated  ;  then  the  position  of  the  three  wires 
on  the  rod  was  noted,' the  millimeters  being  estimated ;  and,  finally,  the  level  was  again 
read.  .t  ' 

The  recorder  then  took  the  different  e  between  the  readings  of  the  middle  and  ex- 
treme wires  to  guard  against  errors,  and  if  these  differences  denoted  auy  error  the  ob- 
servations were  repeated. 

Both  parties  conuected  with  the  saufe  bench-marks  when  work  was  stopped  for  any 
cause,  the  bench-marks  being  usually  spikes  driven  into  the  roots  of  stumps. 

Two  bench-marks  were  usually  established  aud  the  elevation  of  each  determined. 

Whenever  it  was  possible  permanent  bench-mat ks  were  established. 

These  bench-marks  consist  of  a  copper  bolt  3  inches  long  and  three-eighths  inch 
diameter  leaded  into  solid  masonry  or  natural  rock  in  a  horizontal  position.  A  small 
hole  one-thirty-second  in.  diameter,  drilled  in  the  end  of  the  bolt,  is  the  point  of 
reference. 

A  reduction  of  the  observations  was  made  at  the  end  of  each  day's  work,  and  a  com- 
parison of  the  two  lines  of  levels  made. 

The  original  instruction**  were  that;  when  the  discrepancy  between  the  two  lines  of 

levels  exceeded  5mni  i/dist.  in  kilometers,  the  liue  should  be  releveled. 

This  limit  was  subsequently  extended  to  10mm  i/dist.  in  kilometers  on  account  of 
difficulties  met  with  in  the  work. 

In  reducing  the  observations,  the  mean  of  the  readings  of  the  three  wires,  the  differ- 
ence of  the  readings  of  the  extreme  wires  and  the  difference  of  the  sums  of  Me  two 
level  readings  were  taken. 

In  a  table  constructed  for  the  purpose  and  with  the  difference  of  the  readings  of  the 
extreme  threads  as  argument,  the  distance  of  th*  rod  from  the  instrument  was  found. 

In  another  table,  with  this  distance  and  the  difference  of  the  sums  of  the  level-read- 
ings as  arguments,  the  correction  for  the  inclination  of  the  line  of  sight  was  found  and 
applied  to  the  mean  of  the  readings  of  the  three  wires. 

The  sums  of  these  corrected  means  for  the  back-sights  and  fore-sights  were  then 
found  and  their  difference  gave  the  difference  of  level  between  the  bench-marks,  subject 
to  four  corrections. 

These  corrections  are  for  collimation,  inclination,  inequality  of  pivots,  and  absolute 
length  of  rod. 

The  collimation  and  inclination  are  assumed  to  be  constant  between  two  bench- 
marks, and  the  corrections  to  be  applied  to  the  difference  of  level  due  to  these  quanti- 
ties, and  to  inequality  of  pivots,  are  found  by  means  of  the  difference  of  the  suras  of 
the  differences  betweeu  readings  of  extreme  wires. 

The  result  was  then  corrected  for  absolute  length  of  rod. 

A  reduction  of  the  notes  has  been  made  in  the  office  and  compared  with  the  field  re- 
duction, and  the  two  reductions  made  to  agree  within  0.mm2.  , 

The  accompanying  table  contains  the  results  of  levelings  between  Escauaba  and 
Marquette. 

The  first  column  contains  a  list  of  bench-marks.  Where  two  bench-marks  were  es- 
tablished the  mean  of  the  two  elevations  is  given  ;  the  second  column  the  distance  of 
each  bench-mark  from  the  preceding  one  ;  the  third  column  the  date  of  establishing 
the  bench-marks  ;  the  fourth  column  the  elevation  as  determined  by  Assistant-Engi- 
neer Lehnartz. 

The  fifth  column  shows  the  discrepancy  between  the  two  determinations  of  difference 
of  elevation  of  consecutive  bench-marks. 

The  sixth  column  contains  the  sum  of  these  discrepancies,  and  the  last  column  con- 
tains the  adopted  elevations,  all  determinations  having  equal  weight. 

Wht  never  a  star  appears  in  the  fourth  column  three  determinations  of  difference  of 
elevation  have  been  made  and  the  mean  applied  to  the  elevation  of  the  preceding 
bench-murk. 

The  elevations  are  given  with  reference  to  a  plane  10.m000  below  B.  M.  (1)  at  Esca* 
naba. 
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The  following  permanent  bench-marks  were  established  : 

U.  S.  B.  M.  (3) — Copper  bolt  leaded  into  masonry  foundation  of  Escanaba  light- 
house, west  side  of  light-house,  near  northwest  corner.  It  is  1.9791  meters  below  B. 
M.  (1.) 

U.  &  B.  M.  (4) — Copper  bolt  leaded  into  natural  rock  on  east  side  of  Chieago  and 
Northwestern  Railroad,  about  36  meters  north  of  switch  of  siding  leading  to  charcoal 
kilns  at  Maple  Ridge,  38.9  kilometers  from  Escanaba.  It  is  111.4427  meters  above  B. 
M.  (1)  at  Escanaba. 

U.  S.  B.  M.  (5) — Copper  bolt  leaded  into  natural  rock  about  74  meters  east  and  53 
meters  south  of  switch  at  north  end  of  siding  at  **  Sands,"  80.4  kilometers  from  Esca- 
naba.   It  is  185.6593  meters  above  B.  M.  ( 1 )  at  Escanaba. 

U.  S.  B.  M.  (6) — Copper  bolt  leaded  into  third  course  of  stones  above  water-table  on 
north  side  of  the  Marquette,  Houghton  and  Ontonagon  Railroad  general  freight  and 
ticket  office  at  Marquette,  about  one  foot  from  northeast  corner.  It  is  5.46i5  meters 
above  B.  M.  (1  at  Marquette. 

B.  M.  (1) — At  Escanaba  is  the  top  of  the  water-table  of  the  large  brick  building  of 
8.  Adli-r,  on  the  northwest  corner  of  Ludingtan  street  and  Doastfman  avenue,  on 'the 
southeast  corner  of  the  building. 

B.  M.  (1 ) — At  Marquette  is  the  southeast  corner  of  the  top  of  the  foundation-stone 
of  Grace  Fnmace.     It  is  5.1566  meters  (=  16.918  feet)  above  B.  M.  (1)  at  Escanaba. 

B.  M.  (2) — At  Marquette  is  a  cross  on  the  window-sill  of  the  Marquette  city  water- 
works It  is  ou  the  center  window,  west  side  of  building,  and  north  side  of  wiudow. 
It  is  0.1550  meter  below  B.  M.  (1)  at  Marquette. 

B  M.  (3)— At  Marquette  is  a  cross  on  the  window-sill  of  the  Marquette  city  water- 
works. It  is  on  the  north  window,  east  side  of  building,  and  6  inches  from  the  north 
end  of  sill.    It  is  0.1716  meter  below  B.  M.  (1)  at  Marquette. 


Bench-marks. 


Bench-mark  (1),  (Escanaba) 

Reference  Pt.,  ( l) 

Reference  Pt.,  (2)  

Reference  Pt.,  (3) 

Reference  Pt.,  (4  and  4a)  — 

Reference  Pt.,  (5) 

Reference  Pt.,  (6  and  6a)  — 

Reference  Pt ,  (7) 

Reference  Pt ,  (fe) 

Reference  Pt .  (9) 

Reference  Pt,,  (10) 

Reference  Pt.,  (11  and  I  la)  -. 


Reference  Pt. 
Reference  Pt. 
Reference  Pt. 
Reference  Pt. 
Reference  Pt. 
Reference  Pt. 
Refereuco  Pt. 


(12  and  12a) 

(13) 

(14  and  14a) 

(15  and  15a) 

(16  and  16a) 

\\1  and  17a) , 

(18  and  18a) 


Reference  Pt.,  (19  and  19a). 
Reference  Pt.,  (20  and  20a) . 
Reference  Pt.,  (21  and  21a). 
Reference  Pt.,  (22  and  22a). 
Reference  Pt ,  (23  and  23a). 
Reference  Pt.,  (24  aud  24<t). 
Reference  Pt ,  (25  and  25a). 
Reference  Pt,,  (26  and  26a), 
Reference  Pt,,  (27  and  27a) 
Reference  Pt ,  (28  and  28a). 
Reference  Pt.,  (29  and  29a) 
Reference  Pt.,  (30  and  30a) 
Reference  Pt..  (Ml  and  31a) 
Reference  Pt.,  (32  and  32a) 


United  States  bench-mark  (4) . 


Reference  Pt,.  (33  and  33a) 
Reference  Pt.,  (34  and  34a) 
Reference  Pt.,  (35  and  35a) 
Reference  Pt,  (3H  and  36a) 
Reference  Pt ,  (37  and  37a) 
Reference  Pt.,  (38  and  38a) 

Refereuce  Pt ,  (39;   

Reference  Pt.,  (40  and  40a) 
Reference  Pt.t  (41  aud  41a). 
Reference  Pt.,  (42  and  42a) . 
Reference  Pt.,  (43  and  43a) . 


Distance. 


m. 


1,221 

1,366 

880 

1,257 

1,134 

1,840 

890 

471 

366 

1,  912 

1, 059 

2,498 

792 

1,832 

896 

1,  HH 

1,356 

1,231 

1,802 

663 

1,  842 

2, 081 

816 

639 

664 

3,134 

967 

1,395 

696 

636 

509 

1,042 


532 
3,000 
1,  822 
1,304 
1.  622 
2,185 
1,449 
1.583 
1,703 
1,822 
1,837 


Date. 


Ang.  11 
Aug.  12 
Aug.  15 
Aug.  15 
Aug.  16 
Aug.  16 
Aug.  17 
Aug.  19 
Ang.  22 
Aug.  23 
Aug.  23 
Aug.  28 
Aug.  30 
Sept.  1 
Sept.  2 
Sept.  2 
Sept.  4 
Sept.  5 
Sept.  8 
Sept.  8 
Sept.  9 
Sept.  9 
Sept.  11 
Sept.  12 
Sept.  13 
Sept.  13 
Sept.  14 
Sept.  15 
Sept.  15 
Sept.  16 
Sept.  18 
Sept.  19 

Sept.  19 

Sept,  19 
Sept.  20 
Sept.  21 
Sept.  21 
Sept  22 
Sept.  23 
Sept.  23 
Sept.  27 
Sept,  27 
Sept.  29 
Oct      1 


Elevation. 
(F.  W.  L.) 


10.0000 
10. 0048 
18.0441 
13.  2188 
11.0744 
13.6711 
33.  0147 
41.9162 
43.68K) 
43.  5151 
45. 9938 
47.  8321 
50.  9327 
53.5598 
53.4649 
55.3498 

55.  6049 

56.  4752* 
55.  7640 
63.5001 
65.  7896 
70.7336 
78.8054 
81.8201 
82.4423 
87.  5773 
94.  f.868 
93.  8875 

105.  7050 
105.  4842 
110.8863 
116.3443 
122.5007 


Partial 
excess. 


Total 
excess. 


mm. 


mm. 


+ 
+ 


119.  5730 
126.  7475 
12a  6519 
132.  3445 
137.  4919 
147. 0789 
152.  0032 
158. 1228 
163. 2124 
168.3666 
171. 4982 


-  2.5 
4-0.2 
+  0.6 
4-4.1 
-2.3 

1.6 
1.6 
1.7 
0.2 
7.8 
1.1 
1.6 
2.0 
7.1 
-0.5 
+  0.2 
0.0 
2.6 
9.4 
3.9 
3.7 
1.1 
3.8 
0.1 
1.5 

-  R.7 

-  1.7 
4-6.9 
4-1.3 
+  0.5 
-3.9 
4-3.3 


4- 


-0.6 
4-1.3 

-  0.1 
-5.6 
-0.9 
4-11.6 

-  5.8 
8  7 
1.8 
2.2 
4.6 


t 
t 


-  2.5 
-2.3 
-1.7 
+  2.4 
+  0.1 
-4-1.7 
+  3.3 
+  1.6 
+  1.4 
-6.4 

-  7.5 
-5.9 

-  3.9 
+  3.2 
--  2.7 
--  2.8 
--  2.8 

-  5.4 
—14.8 
--18.  7 
--22.4 
—21.3 
—17.5 
—17.4 
—18.9 
—10.2 

-  8.5 
--15.  4 
--16.  7 
4-17. 2 
+13.3 
—16.6 


Mean  ele- 
vation. 


m. 

10.0000 
10.0036 
18.  0430 

f.2180 
.0756 
13.6711 
33.  0155 
41.9178 
43.6818 
43. 5158 
45.9906 
47.8285 
50.9208 
53.5579 
.53,4665 
55.3511 
55.6063 
56.4766 
55.7667 
63.5075 
65.7W*9 
70.  7448 
78.  8160 
81.8288 
82.  4510 
87.5867 
94.  5919 
93.8917 
105.  7127 
105.4925 
110.8949 
116.3509 
122.5090 


121.  4427 


+16.0 
—17.3 
-17.2 
--11. 6 
--10.  7 
—22.3 
--16.  5 
—25.2 
--27.0 

-2'.  2, 
--33.81 


119.5810 
126.  7561 
128.6605 
132. 3503 
137. 4972 
147.0900 
152.0114 
158. 1354 
163.2259 
168,3812 
17L  5151 
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BeDcb-marki. 


Distance. 


Reference  Pt 
Reference  Pt 
Reference  Pt. 
Reference  Pt. 
Reference  Pt 
Reference  Pt. 
Reference  Pt. 
Reference  Pt. 
Reference  Pt 
Reference  Pt. 
Reference  Pt. 
United  States 
Reference  Pt 
Reference  Pt 
Reference  Pt 
Reference  Pt 
Reference  Pt. 
Reference  Pt 
Reference  Pt. 
Reference  Pt. 
Reference  Pt. 
Reference  Pt. 


,  (44  and  44a)  ... 
,  (45  and  45a)  . . . 
,  (4G  and  46a)  ... 
,  (47  and  47a)  ... 
,  (48  and  48a)  ... 
,  (49  and  49a)  . . . 
,  (50  and  50a)  . . . 
,  (51  and  51a)  ... 
,  (52  and  52a)  . . . 

,  (S3) 

,  (54  and  54a) 

bench-mark  (5). 
,  (56  and  56a).... 

,  (57ftud  57a) 

,  (58  and  58a) 

,  (59  and  59a).... 
,  (60and(>0a).... 
,  (61  and  61a).... 
,  (62  and  62a) 
,  (63  and  63a).... 

,(64) .... 

,  (65  and  65a) 


Bench-mark  (1),  Marquette 


m. 

1,237 
3,405 
1,730 

547 
2,267 

636 
1,084 
1,576 
3,497 
3,  432 
2,289 

943 
2,045 
2,706 

292 
2,662 
2,437 
2,  432 
1,024 
1,027 
1,977 
4.500 
3,081 


Date. 


Oct. 
Oct. 
Oct. 
Oct. 
Oct 

Oct  11 

Oct  11 

Oct  12 

Oct  12 

Oct  13 

Oct  13 

Oct  17 

Oct  18 

Oct  19 

Oct  20 

Oct  21 

Oct  22 

Oct  23 

Oot  24 

Oct  25 

Oct  26 

Oct  27 

Oot  28 


Elevation. 
(F.  W.  L.) 


Partial 
excess. 


Total 
excess. 


TO. 

171.8808 

167.6531 

170.9992 

171.6595 

172.3327 

173.9393 

175.  2747 

177.8297 

182.  6717 

189.  7079) 

191. 6421* 

195. 6399 

203.4268 

190.6291 

187.  7897 

165.  8070 

77.1220 

48. 2671 

36.  8882 

29.  49S3 

19.9638 

19.1682 

15. 1409* 


t 


mm. 
1.7 
2.6 
0.4 
1.5 
1.0 
3.4 
3.3 
6.6 
2.9 
0.0 
0.0 
-3.0 
-5.3 

-  3.5 
-0.6 

-  0.1 
+  1.7 

-  2.3 
-1.7 
4-  1.1 
+  0.2 
-I-  3.1 

0.0 


Mean  ele- 
vation. 


mm. 
--35.5 
--38. 1 
--3R  5 
--40.0 
--39.0 
--35.6 
--32.3 
--38.9 
--41.  8 
1.8 
1.8 
--38.8 
--33.5 
--30.0 
--29.4 
--29.3 
--31. 0 
--28.7 
4-27.0 
4--J8. 1 
4-28. 3 
4-31.4 
+31.4 


TO. 

171.  8985 

167.  6721 

171.0184 

171. 6795 

172. 3522 

173. 9571 

175. 2908 

177.  8491 

182.6926 

189.7288 

191.6630 

195.  6593 

203.  4435 

190.  6441 

187.  8044 

165.  8216 

77.  1375 

4a  2815 

36. 9017 

29.5123 

19.9779 

19.1839 

15.1566 


Bench-mark  (1)  at  Marquette,  is  5.1566  meters  (=  16.918  feet)  above  benoh-mark  (1)  at  Escanaba,  and 
is  104.7  kilometers  (=  65  miles)  distant  from  it. 

In  forming  the  mean  elevations  all  determinations  are  given  equal  weight. 

*  Wherever  a  star  appears  in  the  fourth  column,  three  determinations  of  difference  of  elevation  have 
been  made,  and  the  mean  applied  to  the  elevation  of  the  preceding  bench-mark. 

MEAN  SURFACE  OF  LAKE  SUPERIOR  ABOVE  MEAN  SURFACE  OF  LAKE  MICHIGAN. 

Feet 
Mean  surface  of  Lake  Michigan  from  January  1,  1860,  to  December  31,  1875, 

inclusive,  below  bench-mark  (1)  at  JSscanaba,  (office  291) 11.73 

Beuch-mark  (I)  at  Marquette  above  bench-mark  (1)  at  Escauaba,  (see  table,) 

5.1&66  meters 16.92 

Mean  surface  of  Lake  Michigan,  as  above,  below  bench-mark  (1 )  at  Marquette.      28. 65 
Bench-mark  (I)  at  Marquette  above  mean  surface  of  Lake  Superior  from  Jau- 

nary  1,  1871,  to  December  31,  1875,  inclusive,  (office  291) 8. 15 

•  ______ 

Mean  surface  of  Lake  Snperior  from  January  1,  1871,  to  December  31,  1875,  in- 
clusive, above  mean  surface  of  Lake  Micbigau  from  January  1,  1860,  to 
December  31,  1875,  inclusive 20.  50 

L.  L.  Wheeler, 
F.  W.  Lehnartz, 
Assist  ant  Engineers. 
General  C.  B.  Comstock, 

Superintendent  United  States  Lake  Surrey. 

Appendix  G.— Reduction  of  Water-Level  Observations. 


report  of  mr.  o.  b.  wheeler,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  Mich.,  May  17,  1877. 

General :  I  have  the  honor  to  submit  the  following  report  on  the  reduction  of  water- 
level  observations  made  since  Juue  1,  1876,  in  continuation  of  Appendix  H  of  the  last 
annual  report. 

The  water-level  observations  have  been  continued  at  the  following  ten  stations,  viz, 
Charlotte  and  Sacket's  Harbor,  on  Lake  Ontario;  Cleveland  and  Erie  on  Lake  Erie; 
Detroit,  on  Detroit  River;  Milwaukee,  Port  Austin,  and  Escanaba,  on  Lakes  Michigan 
and  Huron ;  and  8anlt  Ste.  Marie  aud  Marquette,  on  Lake  Superior. 

For  the  method  of  observation  and  reduction,  for  description  of  bench-marks,  refer- 
ence-plaues,  and  zeros  of  gauges,  and  for  tables  from  which  the  curves  herewith  given, 
up  to  June,  1876,  are  plotted,  see  Appendix  H  of  last  annual  report. 

The  following  new  bench-marks  aud  zeros  of  gauges  have  been  established  within 
the  year: 
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Appendix  H.— Charts. 

1.   LIST  OK  PUBLISHED  LAKE-SURVEY  CHARTS,  JUNE   1,  1877. 


E 


1 
2 
3 
4 
5 
6 
7 
8 
9 

io: 
ii 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2* 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
4P 
50 
51 
52 
53 
54 
55 


Name  of  chart. 


Lake  Erie 

West  Eud  Lake  Erie 

Kelley'a  and  Bass  Islands,  Lake  Erie 

Straits  of  Mackinac 

EastNeebish  Rapids,  Saint  Mary's  River 

Saginaw  River 

Saint  Clair  Flats 

Buffalo  Harbor 

Tawas  Harbor,  Lake  Huron 

Beaver  Island  Group,  Lake  Michigan 

Eagle  Harbor,  Lake  Superior 

Agate  Harbor,  Lake  Superior 

River  Saint  Marv,  No.  1 

River  Saint  Mar v,  No.  2 

Maumee  Bay,  Lake  Erie 

Eagle  River.  Lake  Superior 

Ontonagon  Harbor,  Lake  Superior 

Saginaw  Bay,  Lake  Huron 

Thunder  Bay,  Lake  Huron 

Marquette  Harbor,  Lake  Superior — 

Presque  Isle  and  Middle  Island,  Lake  Huron 

Lake  Huron 

South  End  Lake  Huron 

Grand  Island,  Lake  Superior 

"West  End  Lake  Superior 

Grand  and  Li  ttle  Traverse  Bays,  Lake  Michigan 

North  End  Green  Bay .-. 

Copper  Harbor,  Lake  Superior 

L'Anse'and  Keweenaw  Bay,  Lake  Superior 

Portage  Lake  and  River 

Lake  Superior,  No.  I 

Lake  Superior,  No.  2    

North  End  of  Lake  Michigan 

Huron  Islands  — : 

South  End  of  Green  Bay 

Lake  Superior,  No.  3 

Saint  Clair  River 

Isle  Rovale,  Lake  Superior 

Mouth  of  Detroit  River 

City  of  Chicago 

Lake  Saint  Clair 

Sai  n t  Lawrence  River,  No.  1 „ 

Sandusky  Bay : 

Saint  Lawrence  River,  No.  2 

Saint  Lawrence  River,  No.  3 

Saint  Lawrence  River,  No.  4 

Sand  Bench  Harbor  of  Refuge,  Lake  Huron 

Niagara  Falls  — 

Saint  Lawrence  River.  No.  5  

South  End  Lake  Michigan 

Coast-chart  No.  5,  Lake  Michigan 

Coast-chart  No.  3.  Lake  Michigan , 

Saint  Lawrence  River,  No.  6 

Coast-chart  No.  2,  Lake  Michigan 

Coast-chart  No.  l.Lake  Michigan 


Scale. 


1-400, 000 

1-120,  000 

1-50, 000 

1-120. 000 

1-15,  000 

1-10,  000 

1-32, 000 

1-30,000 

1-16,  000 

1-120, 000 

1-5. 000 . 

1-10,  000 

1-40,000 

1-40,000 

1-30,000 

1-10, 000 

1-16, 000 

1-120. 000 

1-40,000 

1-50.000 

1-40.  000 

1-400,  000 

1-120. 000 

1-25,  000 

1-32,000 

1-120, 000 

1-120,  000 

1-10,  000 

1-30,000 

1-30,000 

1-400, 000 

1-400. 000 

1-400.000 

1-30,  000 

1-120, 000 

1-400,  000 

1-40, 000 

1-30,000 

1-20,000 

1-20, 000 

1-50,000 

1-30,000 

1-20, 000 

1-30,  000 

1-30, 000 

1-30,000 

1-8,000 

1-10,000 

1-30, 000 

1-400,000 

1-80,000 

1-80,  000 

1-30,000 

1-80,000 

1-80,000 


Xi 

1 
5  *- < 


ll 


852 

852 
852 
856 
854 
856 
857 
857 
&T7 
855 
858 
858 
858 
858 
858 
859 
859 
860 
860 
860 
860 
860 
861 
862 
863 
863 
864 

BOO 

866 
865 

872 
870 
867 
869 
864 
873 
872 
872 
874 
874 
874 
874 
874 
875 
875 
876 
876 
876 
876 
876 
876 
876 
876 
877 
877 


2.  TABLE  SHOWING    THE  ANNUAL  ISSUE    OF   CHARTS  OF   THE   NORTHERN  AND  NORTH- 
WESTERN LAKES. 

Prior  to  October  1, 1857 2,500 

October  1,  1857,  to  October  1,1858 1,675 

October  1,  l&r>8,  to  October  1,1859 2,600 

October  1,  1&59,  to  October  1,1860 4,890 

October  1,  1860,  to  October  1,1861 3,254 

October  1,  1861,  to  October  1, 1862 5,245 

October  1.  1862,  to  October  1, 1863 1 4,084 

October  I,  1863,  to  October  1, 1864 3,283 

October  1,  1864,  to  October  1, 1865 2,589^ 

October  1,  1865,  to  July  1,  1866 2,082 

July  1,  1866,  to  Jnly  1,1867 5,464 

July  1,  1867,  to  July  1,  1868 6,354 
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July  1,  1868,  to  July  1,  1869 5.634 

Jnly  1,  1869,  to  July  1,  1870 4,597 

July  1,  1H70,  to  July  1,  1871 ! 5,328 

July  1,  1871,  to  July  1,  1872 3,649 

July  1,  1872,  to  July  1,  1H73.. 5,546 

July  1,  1873,  to  July  1,  1874 7,701 

July  1,  1874,  to  July  1,  1875 5,039 

July  1,  1875,  to  July  1,  1876 4,101 

July  1,  1876,  to  July  1,  1877 2,736 

3.  LIST  OF  TRACINGS  PURNI8HBD  TO  PARTIES  FROM  JULY  1,  1876,  TO  JUNE  1,  1877. 


Name. 


W.  o.  bin  itb,  {_/.  Jt£  ..... . ........... ...... 

William  Browolee  &  Co 

Maj.  H.  M.  Robert,  Corps  of  Engineers . . 

Maj.W.  McFarland,  Corps  of  Engineers 

Maj.  G.  Weitzel,  Corps  of  Engineers 


Date. 


July  22, 1876 
Sept  IS,  1876 
Got.    ltt,  1876 

Nov.  10, 1876 

Apr.  27, 1877 


Locality. 


Cross-section  of  Detroit  River  at  Detroit,  Mich. 
Vicinity  of  Adams  Point,  Lake  Huron. 
Vicinity  of  Bayfield,  Lake  Superior;  vicinity  of 

Ashland,  Lake  Superior. 
Vicinity  of  Socket's  Harbor,  Lake  Ontario,  part 

of  Ctieaumont  Bay,  Lake  Outario. 
East  end  of  Manitoa  Island,  Lake  Superior. 


appendix  I. — Field  and  Office  Work. 
1.  report  of  lieutenant  d.  w.  lockwood,  CORPS  OF  engineers. 

SURVEY  OF  THE  MISSISSIPPI  RIVER. 

.    Detroit,  Mich.,  May  9,  1877. 

Sir  :  I  have  the  honor  to  make  the  following  report  of  work  done  on  the  survey  of 
the  Mississippi  River  during  the  past  winter.  On  October  26  I  received  orders  to  pro- 
ceed to  Saint  Louis,  Mo.,  and  having  received  from  Colonel  Simpson,  Corps  of  Engi- 
neers, the  United  States  quarter-boat  Arkansas,  to  take  her  to  Cairo,  111.,  and  aasntne 
command  of  the  parties  there,  quartering  them  on  the  boat. 

Work  was  commenced  on  November  9.  Lieutenant  Price  reported  for  dnty  to  read 
angles.  Assistant  Engineer  Towajr  had  charge  of  building  stations,  topography,  and 
hydrography.    Assistant  Engineer  Tee  pie  had  charge  of  the  leveling  party. 

The  topographical  parties  were  in  charge  of  Recorders  Rnssel  aud  Hostotter. 

During  the  season  which  closed  February  6,  1877,  15  miles  of  river  were  surveyed, 
the  work  beginning  at  a  point  about  two  miles  north  of  Cairo  and  extending  south. 

A  base-line  was  measured  with  the  secondary  base  apparatus  on  the  Illinois  Central 
Railroad  to  the  north  of  the  city,  5,400  feet  long,  (approximately,)  and  from  it  the  tri- 
angulation  was  carried  south  about  7  miles  and  stations  built  for  continu  ng  it  to  the 
lower  limit  of  the  work.  Fourteen  stations  were  occupied  in  all,  10  by  Lieutenant 
Pric**,  2  by  Assistant  Engineer  Towar,  and  2  by  myself. 

The  leveling  party  ran  a  duplicate  line  of  levels  along  the  bank  on  the  Missouri  bank, 
connecting  with  the  bench-marks  of  the  levels  of  precision,  and  determined  the  heights 
of  triaugulation-points  and  the  permanent  reference-marks.  These  reference- marks 
are  located  in  straight  lines  extending  across  the  river,  except  at  the  upper  limit  of  the 
work,  where  the  line  is  broken  at  A  north  base,  one  part  extending  across  the  Missis- 
sippi and  the  other  across  the  Ohio  River.  The  line  crossing  the  Ohio  includes  the 
center-stone  of  A  Ohi  >.  The  first  stones  on  these  lines  iu  Missouri  and  Kentucky  are 
set  one-half  mile  aud  the  second  1|  miles  from  the  banks. 

The  second  line  is  about  6  miles  south  of  the  first  line,  and  runs  nearly  due  east  and 
west ;  it  consists  of  four  stones,  two  on  either  side  of  river.  Those  on  the  Missouri  are 
respectively  one-half  aud  ty  miles  back  from  the  bank.  On  the  Kentucky  side  the 
bluffs  were  reached  at  one-half  mile,  and  the  first  stone  is  on  the  first  bluff,  the  second 
stone  is  three-fourths  of  a  mile  farther  back.  The  third  Hue  is  5  miles  further  down, 
and  established  iu  like  maimer  as  the  second. 

Topography  was  carried  back  to  a  distance  of  oue  mile  from  shore.  Soundings  were 
taken  throughout  the  leugth  of  river  surveyed. 

character  of  banks. 

Commencing  at  the  upper  limit  of  the  work  the  Illinois  hank  of  the  Mississippi 
is  bluff,  and  composed  of  fine  silt.  This  bauk  is  washing  rapidly  away.  By  comparing 
maps  of  previous  surveys  with  th%t  of  the  present  one,  the  following  results  are  found: 

According  to  the  survey  made  by  Mr.  Hely,  of  Cairo,  (formerly  county  surveyor,)  iu 
1874,  the  wash  since  then  has  been  55d  feet. 
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From  a  survey  made  in  1865,  by  the  same  gentleman,  the  wash  since  then  has  been 
656  feet.  The  old  Government  survey  of  1809-'10  locates  this  bank  2,500  feet  to  the 
west  of  where  it  is  now.  The  maps  examined  agree  with  each  other,  and  that  of  the 
survey  made  last  winter  very  closely,  so  far  as  the  shore-line  of  the  eastern  side  of  the 
peninsula  is  concerned.  The  wash  mentioned  above  gradually  diminishes  in  amount 
to  where  the  Government  dikes  are  located. 

The  Missouri  bank  above  station  Missouri,  and  to  near  the  station,  is  washing  away 
from  6  to  10  feet  a  year  ordinarily  ;  it  is  composed  of  silt  and  fine  sand,  and  this  forma- 
tion extends  to  a  short  distance  below  station  Greenfield ;  in  front  of  this  station  a 
bar  is  rapidly  forming. 

No  wash  between  Greenfield  and  station  Missouri.  8peciiiieus  of  sand  from  this  bar 
and  others  forming  near  the  shore,  at  different  points,  were  examined  with  a  micro- 
scope, with  the  following  results: 

10  per  cent,  less  than  0.01  inch  diameter. 

50  per  cent,  less  than  0.02  greater  than  0.01. 

40  per  cent,  less  than  0.04  greater  than  0.02. 

The  bar  sand  of  the  big  bar  in  the  Mississippi  was  about  the  same.  The  fine  sand 
found  in  the  silt,  aud  along  the  Kentucky  bank  of  the  Ohio,  was  also  examined  with 
a  microscope  and  fonnd  to  be  very  nniform  in  size,  and  about  0.006  inch  in  diameter. 

The  bank  from  a  short  distance  below  station  Greenfield  to  station  Bird's  Point  is 
composed  of  silt,  with  seams  of  fine  Sand.    At  Bird's  Point,  the  wash  is  from  50  to  75 
feet  per  year.    At  station  Bird's  Ferry,  not  so  great ;  about  here  the  bank  is  being  pro- 
tected by  the  Illinois  Midland  Railroad  Company,  which  has  a  *'  transfer"  a  short  dis- 
tance below  the  station. 

On  the  Kentucky  side  of  the  Ohio  the  bank  is  gently  sloping,  composed  of  silt  and 
fine  sand,  with  no  washing  going  on.  This  general  character  extends  to  a  short  dis- 
tance above  station  Filmore,  where  the  bank  becomes  steep  and  its  composition  changes 
to  yellow  clay,  with  very  little  sand.  From  here  to  about  midway  between  station 
Willow  Creek,  station  Island  No.  1,  the  wash  is  about  10  feet  per  year;  the  formation 
of  the  bank  remaining  about  the  same. 

There  is  no  wash  of  the  bauks  on  the  eastern  side  below  station  Island  No.  1,  or  be- 
low Bird's  Point  on  the  western  side,  to  the  lower  side  of  the  river  surveyed. 

The  material  of  the  banks  is  silt,  with  occasional  seams  of  fine  sand. 

CHARACTER  OF  BOTTOM. 

From  the  northern  end  of  the  work  in  the  Mississippi  to  the  Government  dike,  a 
distance  of  two  miles,  the  bottom  is  sand  and  gravel,  the  gravel  varying  from  the  size 
of  a  pea  to  an  inch  in  diameter.  The  bars  in  this  section  are  composed  of  sand  and 
silt — 90  per  cent,  being  sand.  From  the  improvement  to  the  mouth  of  the  Ohio  the 
bottom  is  still  sand  aud  gravel,  as  before  mentioned,  for  the  upper  section,  except  at 
a  point  14  miles  below  the  improvement,  where  one  specimen  of  blue  clay  was  found 
in  mid-channel. 

In  the  Ohio,  from  the  head  of  the  work  to  the  mouth  of  the  river,  the  bottom  in  the 
channel  is  gravel,  varying  in  size  from  that  of  a  pea  to  1|  inches. 

Near  the  mouth  of  the  river  a  conglomerate  of  cemented  gravel  is  found,  covering  a 
small  space  near  the  Kentucky  shore. 

From  the  junction  of  the  rivers  to  the  lower  limit  of  the  work  the  bottom  is  sand, 
except  near  the  head  of  Island  No.  1,  where  the  channel  shows  gravel  with  the  sand. 
This  continues  to  the  end  of  the  work. 

Wherever  the  channel  has  been  contracted  by  the  falling  of  the  river  the  bottom 
left  bare  was  found  to  be  of  sand. 

With  this  are  submitted  a  map  giving  shore-line  of  the  Cairo  peninsula,  from  surveys 
made  from  1809-'10  to  the  present  day,  and  notes  on  boring,  with  section  by  Assistant 
Engineer  Teeple. 

For  the  proper  equipment  of  a  quarter-boat,  I  would  suggest  that  each  boat  be  pro- 
vided with  two  skitfs  (two  pair  oars)  and  one  six-oared  boat  for  sounding.    The  latter 
to  be  like  those  used  on  the  river  steamers.    They  differ  from  the  L.  S.  cutters  in  being 
lighter  and  draw  less  water. 
Very  respectfully, 

D.  W.  Lockwood, 
First  Lieutenant,  Corps  of  Engineers, 

Major  C.  B.  Comstock, 

Carps  of  Engineers,  U.  8.  A. 


BORINGS  AT  CAIRO,  ILL. 


The  point  chosen  for  boring  was  under  the  old  pile- work  of  the  Cairo  and  Saint  Louis 
Railroad  Company.  It  was  thought  this  point  was  over  the  old  bed  of  the  Mississippi 
River  and  the  frame-work  would  aid  materially  in  the  work. 
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Boring  was  begun  on  February  6,  and  progressed  very  well  tbrongb  9  feet  of  silt,  21 
feet  of  blue  clay,  aud  4  feet  of  quick«aud,  when  a  mixture  of  sand  and  gravel  was  met. 
It  was  found  that  tbe  pump  would  not  wash  out  sand-grains  more  than  three  milli- 
meters in  diameter,  so  that  it  was  necessary  to  remove  the  coarser  gravel  by  some 
other  means.  A  sheathed  anger  was  tried,  but  without  success,  owing  to  the  washing 
of  the  water  in  the  pipe.  A  cartridge-anger  was  also  tried  and  gravel  of  a  centimeter 
in  diameter  was  brought  up,  but  it  soon  became  evident  that  stones  of  larger  size  were 
in  the  pipe. 

It  was  decided  to  drive  the  pipe  to  a  depth  of  43  feet  below  the  platform,  and  by 
ramming  ping  it  with  the  gravel  inside.  This  was  done,  and  then  the  pipe  was  drawn 
out,  when  it  was  found  that  with  the  exception  of  1  foot  at  the  bottom,  which  was 
clear,  the  pipe  contained  the  gravel  of  the  stratum  pissed.  The  maximum  size  of  the 
coarse  gravel  was  of  three  centimeters  diameter,  and  an  ounce  in  we  ght. 

The  steel  plug  was  now  put  in  and  the  pipe  driven  a  few  inches  below  the  point  be- 
fore reached,  when  the  plug  being  withdrawn  it  was  followed  12  feet  up  the  pipe  by 
fine  quicksand,  showing  that  ihe  gravel  stratum  had  been  passed. 

The  driving  and  washing  now  progressed  well  until  a  cottouwood  log  was  met,  at  a 
depth  of  57  feet  below  the  platform  aud  33  feet  below  tbe  zero  of  the  engineer's  gange 
at  Cairo.  Pieces  of  this  log  were  cut  out  by  the  pipe  and  washed  to  the  surface.  The 
pipe  passed  through  one  side  of  the  log,  which  was  judged  to  be  about  6  inches  thick. 

From  the  gravel  stratum  mentioned  above  to  a  depth  of  84  feet,  that  is,  through  a 
stratum  of  42  feet,  proved  to  be  saud  of  very  uniform  fiuene-s,  the  maximum  size  of 
grain  being  one  millimeter  in  diameter.  At  this  point  gravel  was  again  met.  but  before 
trying  to  fasten  any  of  it  in  the  pipe,  the  pipe  was  drawn  out,  the  steel  plug  placed  in* 
position,  and  the  pipe  redriven.  After  the  pipe  had  been  driven  to  87  feet  below  the 
platform,  the  plug  was  withdrawn,  but  it  was  found  that  the  end  of  the  pipe  was  still 
in  coarse  gra\>l,  and  as  all  efforts  to  replace  tbe  steel  plug  were  futile  it  was  decided 
to  try  the  pluggiug  of  the  pipe  with  gravel  again.  The  pipe  was  therefore  driven  to 
a  depth  of  102  feet,  at  each  3  feet  an  examiua  ion  being  made  to  see  if  the  pipe  was 
filling  below  as  fast  as  driven.  These  examinations  showed  14  feet  of  tilling  in  the 
pipe  during  the  15  feet  driven. 

An  attempt  was  now  made  to  draw  the  pipe,  but  it  broke  18  feet  below  the  platform. 
A  shaft  was  immediately  beguu  to  dig  for  a  new  fastening,  but  it  being  necessary  to 
crib  the  shaft,  aud  the  flow  of  water  beiug  considerable,  the  work  progressed  slowly. 
The  pipe  was  reached  and  rejoined,  but  again  parted  at  the  same  join r. 

The  lifting-clamp  was  then  fixed  on  the  section  in  the  ground,  and  a  chain  made  of 
4-inch  iron  attached  After  drawiug  a  few  inches  the  chain  broke.  It  was  again 
fastened,  and  again  broke  without  lifting  the  pipe.  On  removing  the  clamp  it  was 
found  that  the  straiu  of  the  chain  having  been  a  little  one  side  of  the  pipe,  it  had  bent 
it  when  clamped  about  its  diameter,  (2  inches.)  It  being  impracticable  to  draw  the 
pipe,  it  was  abaudoned. 

It  was  evident  that  tbe  gravel  met  at  the  depth  of  84  feet  below  the  platform,  or  60 
feet  below  the  zero  of  the  Cairo  gauge,  was  quite  coarse,  as  what  entered  the  pipe  was 
so  large  as  to  wedge  the  small  wash-pipe  tightly.  It  was  estimated  that  gravel  with 
a  maximum  diameter  of  four  centimeters  entered  the  pipe  at  a  depth  of  87  feet. 

It  is  thought  that  the  lowest  sectiou  of  the  pipe  turned  from  the  right  direction,  and 
thus  cliuched  aud  prevented  the  pipe  from  being  withdrawn. 

DEFECTS  IN   APPARATU8  USED. 

The  apparatus  used  is  well  designed,  and  for  borings  where  no  gravel  would  be  met 
would  be  in  every  way  good  for  a  depth  of  about  70  feet. 

The  defects  in  using  at  this  point  were  as  follows  : 

1st.  Too  short  a  fall  tor  the  hammers  when  new  sections  are  first  attached.  The 
hammer-guides  should  be  lengthened  fully  4  feet.  After  reaching  a  depth  of  70  feet  it 
frequently  took  one  hundred  strokes  of  the  hammer  to  drive  the  pipe  1  inch. 

2d.  The  pump  lacks  strength  and  force,  bursting  at  the  junction  of  the  brass  cylin- 
der and  the  casting  above,  aud  lacking  force  to  wash  out  the  coarse  sand. 

3d.  The  jack-screws  proved  too  light,  and  twisted  so  as  to  be  useless  ou  drawing  the 
pipe  the  second  time. 

4th.  The  steel  ping  cannot  be  inserted  again  after  being  withdrawn  if  the  end  of  tbe 
pipe  is  in  sand  or  gravel. 

There  should  be  added  to  the  outfit  a  set  of  taps  and  dies  for  cutting  threads  on  the 
pipes  aud  in  the  collars.  m 

2.  report  of  lieutenant  philip  m.  price,  corps  of  engineers. 

Office  United  States  Lake  Survey, 

Detroit,  Mick.,  May  5, 1877. 

Sir  :  I  have  the  honor  to  submit  the  following  report  for  the  past  year : 

In  Juue,  1876, 1  was  placed  in  charge  of  the  steamer  Ada,  with  orders  to  continue  the 
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off-shore  hydrography  of  Lake  Erie  from  the  point  where  it  terminated  the  previous 
season,  and  to  supply  and  move  the  shore- parties  of  Messrs.  Mayer,  Lamson,  and  To  war. 

I  left  Detroit  with  the  Ada  on  June  10,  1876,  having  on  hoard  the  above  shore-parties 
and  their  provisions,  and  proceeded  to  Erie,  Pa.,  where  the  camp-equipage  belonging 
to  the  shore-parties  was  stored.  The  steamer  arrived  at  Erie  on  the  1 1th,  and  the  work 
of  supplying  the  parties  and  distributing  them  from  Conneant  westward  was  immedi- 
ately commenced,  and  was  finished  on  the  evening  of  the  12th. 

Seven  lines  of  sonndings  were  run  to  fill  a  gap  left  in  the  off-shore  hydrography  of 
the  season  of  1875,  between  Conneaut  and  Erie,  and  the  soundings  were  then  carried 
from  Conneaut  westward  nearly  to  Ashtabula  Harbor,  where,  on  June  23,1  received 
orders  from  you  to  move  the  shore-parties  and  all  Lake  Survey  property  at  Erie  to  De- 
troit in  time  to  store  the  property  and  lay  up  the  steamer  by  the  night  of  June  29. 
This  was  done,  and  field  operations  were  not  resumed  uutil  August  4,  1876,  on  which 
date  the  steamer  again  left  Detroit  with  the  parties  of  Messrs.  Lamson  and  Towar  on 
hoard.  These  were  landed  on  the  south  shore  of  Lake  Eri*,  and  the  steamer  immedi- 
ately returned  to  Detroit  for  Mr.  Terry's  party,  which  was  landed  on  the  north  shore  of 
Long  Point  on  August  8. 

Twelve  lines  of  soundings  were  run  on  the  north  and  south  sides  of  Long  Point  for 
the  purpose  of  extending  to  the  eastward  the  work  of  the  previous  year.. 

Six  lines  of  sonudings,  extending  across  the  lake,  were  made,  the  first  being  opposite 
Dunkirk  and  the  last  about  5  mles  east  of  Ashtabula  Harbor.  Thesn  lines  were  about 
15  miles  apart,  and  their  general  direction  was  perpendicular  to  the  axis  of  the  lake. 

On  August  19  the  off-shore  work  on  the  south  side  of  the  lake  was  resumed,  ami  was 
carried  as  far  westward  as  Vermillion,  Ohio,  by  the  close  of  the  season. 

The  shore-parties  were  supplied  with  provisions  and  moved  from  camp  to  camp  until 
the  shore-line  work  was  completed  up  to  Vermilliou  on  the  21st  of  October.  On  this 
date  1  "commenced  moving  the  parties  and  property  to  Detroit,  and  on  the  27th  the 
work  of  laying  up  the  steamer  for  the  winter  was  begun. 

On  the  31st  of  October  I  was  ordered  to  proceed  to  Cairo,  111.,  and  report  to  Lieut.  D. 
W.  Lockwood  for  duty  connected  with  the  survey  of  the  Mississippi  River.  I  was  em- 
ployed on  this  duty  until  February  15, 1877,  when  I  returned  to  Detroit.  While  on  the 
Mississippi  River  I  was  mainly  engaged  in  reading  the  angles  of  the  secondary  tri angu- 
lation, an  account  of  which  will  be  found  in  Lieutenant  Lock  wood's  report.  The  in- 
strument employed  was  the  repeating  10-inch  theodolite  Gam  bey  No.  1. 

I  have  reduced  the  field-notes  and  tabulated  the  results  in  the  office-record. 

During  the  summer  season,  on  the  steamer  Ada,  R.  R.  Bourlaud,  A.  O.  Powell,  and  B. 
H.  Colby  were  with  me  as  recorders.  On  the  Mississippi  River  work  chainman  George 
Beebe  acted  as  my  recorder. 

Very  respectfully,  your  obedieut  servant, 

Philip  M.  Price, 
First  Lieutenant  of  Engineers, 

Maj.  C.  B.  Comstock, 

Carps  of  Engineers,  U.  S.  A. 


3.  report  of  mr.  f.  m.  towar,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  April  30,  1877. 

Major  :  1  have  to  snhmit  the  following  report  of  work  done  by  the  party  under  my 
charge  since  taking  the  field  on  June  10, 1876: 

1  left  Detroit  on  June  10,  1876,  on  board  the  United  States  steamer  Ada,  with  assist- 
ant engineers  J.  A.  Ockerson,  Walter  Russel,  and  18  men.  We  were  placed  in  camp 
on  the  shore  of  Lake  Erie,  at  a  point  midway  betweeu  Conneaut  and  Ashtabula,  Ohio, 
on  the  evening  of  June  11. 

The  work  of  surveying  the  adjacent  shore-line,  topography  and  hydrography,  was 
at  once  commenced. 

Ou  June  24  I  retured  to  Detroit,  discharged  the  party,  and  on  June  30  I  was  myself 
discharged  from  farther  duty  until  such  time  as  an  appropriation  should  be  available 
for  the  further  continuation  of  the  survey.  I  was  again  employed  on  August  1,  1876, 
and  after  recruiting  a  party  of  21  men,  with  Recorders  Lightner  and  Hostetler  as, assist- 
ants, the  party  was  placed  in  camp  on  August  5,  at  Madison,  Ohio,  and  was  succes- 
sively transferred  to  Willoughby,  East  Rockport,  Avon  Point,  and  Vermillion,  Ohio, 
on  the  following  dates  :  to  Willoughby,  August  27  ;  East  Rockport,  September  14 ;  Avon 
Point,  October  4 ;  and  to  Vermillion,  on  October  12. 

On  October  21  the  work  was  completed  as  far  as  the  village  of  Vermillion,  Ohio. 
The  party  was  then  moved  by  the  steamer  Ada  to  Detroit  and  discharged. 

On  September  1  Assistant  Engineer  A.  T.  Morrow  joined  the  party  at  Willoughby, 
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was  relieved  on  October  2,  and  again  joined  the  party  on  October  10,  remaining  on  til 
the  close  of  the  season.  On  October  23  I  was  ordered  to  turn  over  my  notes,  field- 
sketches,  &c,  to  Assistant  Engineer  Morrow,  and  report  to  Lieut.  D.  W.  Lock  wood, 
Corps  of  Engineers,  for  duty  on  a  survey  of  the  Mississippi  River. 

I  was  relieved  from  the  above  duty  on  February  10,  1877,  and  resumed  charge  of  my 
Lake  Erie  work.  The  ooni natation  of  this  work  had  been  nearly  completed.  I  fin- 
ished the  computations  and  commenced  plattiug  and  mapping  the  work.  Since  Feb- 
ruary 10  I  have  been  assisted  during  the  entire  time  by  Mr.  Morrow  and  during  part 
of  the  time  by  Messrs.  Pratt  and  Lehnartz.  The  work  has  all  been  platted  on  eight 
antiquarian  sheets. 

I  am  indebted  to  all  the  above-named  gentlemen  for  valuable  assistance. 

The  following  table  gives,  in  detail,  the  amount  of  work  accomplished : 

Miles  of  shore-line  on  lake 56} 

Miles  of  shore-line  on  rivers 14 

Square  miles  of  topography 38} 

Square  miles  of  hydrography 50 

Miles  of  chaining '. 97.5 

Theodolite  pointings :.2,663 

Theodolite  readings 30,959 

Elevations  determined 5,837 

Lines  of  sounding 424 

Casts  of  lead .v 14,374 

Sounding-stations  built 33* 

Triaugulation-statious  built 210 

Buoys  located 94 

Base-lines  chained...' •. 11 

Triangles  computed 73 

Magnetic  read iogs '. 261 

Azimuths  determined 18 

Very  respectfully,  your  obedient  servant, 

F.  M.  Towar, 

Assistant  Engineer. 
Maj.  C.  B.  Comotock, 

Corps  of  Engineers,  U.  S.  A. 


4.  report  of  mr.  a.  c.  lamson,  assistant  engineer. 

United  States  Lake  Survey  Office, 

Detroit,  Mich.,  May  1,  1877. 

Major  :  I  have  the  honor  to  submit  the  following  report  in  regard  to  the  work  done 
by  the  party  under  my  direction  during  the  season  ending  May  1,  1877: 

Iu  accordance  with  your  instructions,  I  left  Detroit  on  June  10,  on  board  United 
States  Lake  Survey  steamer  Ada,  for  Ashtabula  Harbor,  Ohio,  at  which  fftace  I  went 
into  camp  on  June  12  with  a  party  consisting  of  Assistant  Engineer  Terry,  Recorder 
Morrison,  and  18  laborers,  and  after  completing  the  work  assigned  to  me  there  I  re- 
turned on  June  27  to  Detroit,  at  which  place  officers  and  men  were  discharged. 

My  party  was  re-organized  on  August  4,  and  consisted  of  Assistant  Engineer  J.  A. 
Ockerson  and  Recorders  Morrison  and  Paige  and  21  laborers.     I  left  Detroit  on  August 

4,  on  board  steamer  Ada,  for  Red  Creek,  Ohio,  at  which  place  I  went  into  camp  August 

5,  and  after  completing  the  survey  of  the  part  of  shore  assigned  to  me  there  my  camp 
was  moved,  on  August  23,  by  steamer  Ada  to  Fairport,  Ohio,  and  on  September  17  to 
Cleveland,  Ohio,  where  I  remained  until  October  2S,  the  close  of  the  season. 

I  reported  to  yon  on  October  29,  at  Detroit,  when  my  men  were  paid  and  discharged. 

I  am  indebted  to  Assistant  Engineers  Terry,  Ockerson,  and  Teeple  and  Recorders 
Morrison  and  Paige  for  valuable  assistance  in  the  field,  and  to  Assistant  J.  A.  Ookerson 
for  faithful  and  careful  work  done  in  the  office. 
The  following  table  shows  the  amount  of  field-work  accomplished : 

Azim nth-stations  built *. 51 

Sounding-stations  built 229 

Observations  for  azimuth d 

Pointings  of  theodolite 14,795 

Readings  of  theodolite 23,416 

Magnetic  readings 76 

Sextant  angles  measured 139 

Buoys  located 52 

Casts  of  the  lead 3,353 
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Miles  chained 119 

Square  miles  of  topography 32 

8quare  miles  of  hydrography 28 

Shore-line,  (miles) 31 

River-shore  line 28 

Daring  the  winter  season  I  made  the  computations  of  the  co-ordinates  of  the  azimuth 
stations  and  stakes. 
The  shore-line  topography  and  hydrography  were  platted  on  five  antiquarian  sheets. 
Very  respectfully,  your  obedient  servant, 

A.  C.  Lamson, 
Assistant  Engineer. 
Maj.  C.  B.  Comstock, 

Corps  of  Engineers,  U.  S.  A. 


5.  report  of  mr.  frederick  terry,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  May  1,  1877. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  work  done  under  my 
charge  during  the  year  ending  May  1,  1877  : 

I  left  Detroit,  August  7,  on  board  the  United  States  steamer  Ada,  an  d  was  landed  at 
Long  Point,  Ontario,  on  August  8.  I  remained  at  the  point  until  August  28,  when, 
having  completed  all  the  shore-line  work  it  was  proposed  to  have  done  there,  I  was 
moved  by  the  United  States  steamer  Ada  to  Glenville,  Ohio,  at  which  place  I  remained 
until  October  3,  making  a  survey  of  the  shore  from  the  city  limits  of  Cleveland  connect- 
ing with  the  work  of  Assistant  Engineer  Lamson  to  1U  miles  to  the  east,  where  con- 
nection was  made  with  the  work  of  Assistant-Engineer  Towar. 

October  3  I  was  moved  to  Black  River,  Ohio,  where  a  survey  of  11  miles  of  the  shore 
was  made,  connecting  on  both  the  east  and  west  with  work  of  Assistant  Engineer  Towar. 

On  October  23,  the  season's  work  having  been  completed,  my  party  was  conveyed  by  ' 
the  United  States  steamer  Ada  to  Detroit,  where  the  men  were  discharged.    I  have  re- 
duced my  work  during  the  winter  and  it  has  been  platted  on  seven  sheets  of  antiqua- 
rian paper. 

I  was  assisted  in  the  field  by  Assistant  Engineer  Teeple  from  August  7  to  September 
28,  and  during  the  whole  season  by  Recorders  Darrow  and  Spitler.  In  platting  my 
work  I  was  assisted  from  March  7  to  April  12  by  Assistant  Engineer  Pratt.  To  all  these 
gentlemen  I  am  indebted  for  valuable  aid. 

In  the  following  table  I  give  the  amount  of  work  done,  in  detail : 

Theodolite  pointings 11,529 

Theodolite  readings 16, 105 

Casts  of  the  lead 17,817 

Triangulation  stations  built 52 

Sounding-stakes  built 226 

Buoys  placed * 94 

Square  miles  hydrography 33 

Square  miles  topography 24 

Shore-line,  (miles) 38 

Observations  for  azimuth 9 

Magnetic  observations 74 

Very  respectfully,  your  obedient  servant, 

Frederick  Terry, 

Assistant  Engineer. 
Maj.  C.  B.  Comstock, 

Corps  of  Engineers,  U.  S.  A. 


6.  report  op  mil.  o.  y.  wi6nkr,  assistant  engineer. 

Office  Ukjted  States  Lake  Survey, 

May  1,  1877. 

General:  I  have  the  honor  to  submit  the  following  report  of  field  and  office  work 
accomplished  by  the  triaugulatiou-party  under  my  direction  since  last  annual  report: 

In  accordance  with  your  instructions,  the  party  was  organized  May  16,  1876,  with  J. 
C.  Eaton  as  recorder  and  T.  Hockndge  as  observer's  attendant,  and  commenced  the 
measurement  of  angles  of  the  main  triangulation  at  Silver  Creek,  New  York.  The 
work  at  this  statiou  was  completed  June  7,  after  which  the  station  at  Westueld  was 
occupied,  but  before  the  necessary  measurements  were  obtained  orders  were  received 
to  return  to  Detroit,  where  the  party  arrived  June  28,  and  on  June  30  were  discharged. 

On  August  3  the  party  was  re-organized  aud  occupied  the  station  at  Con neaut,  Ohio. 

76  E 
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Owing,  however,  to  the  lateness  of  the  season,  the  water  of  the  lake  had  become  so 
warm  that  there  was  not  sufficient  refraction  to  allow  signals  beiug  seen  over  the  line 
from  Conneant  to  Houghton,  and,  consequently,  the  work  at  this  station  was  aban- 
doned on  September  6.  After  leaving  Conneaut  the  angles  of  the  main  triangulation 
at  Erie  Station,  and  secondary  work  at  Erie,  Miles'  Grove,  State  line,  Araboy,  and  Ash- 
tabula, were  completed,  and  on  October  30  the  party  returned  to  Detroit- 
After  returning  to  the  office  I  was  occupied  till  Januaiy  I  with  the  reduction  and  com- 
pilation of  my  season's  field-notes.  Since  then  I  have  made  and  reported  the  compu- 
tation of  the  following  work,  viz  : 

Lieutenant  Lock  wood's  longitude  observation  at  Mount  Forest,  III.;  Saint  Louis, 
Mich.,  and  Saginaw,  Mich.,  Lieutenant  Lock  wood's  observations  for  personal  equation; 
Captain  Adams'  observations  for  pergonal  equation  ;  Lieutenant  Lock  wood's  observa- 
tions for  latitude  of  Saint  Louis,  Mich.,  Saginaw,  Mich.,  and  Cairo,  111.,  and  Assistant 
Flint's  observations  for  latitude  of  Tonawauda,  N.  Y. 
Very  respectfully  submitted. 

Geo.  Y.  Wisnkr, 
Assistant  Engineer. 
General  C.  B.  Comstock, 

In  charge  of  United  States  Lake  Survey. 


7.   REPORT  OF  MR.  A.  R.  FLINT,  ASSISTANT  ENGINEER. 

Detroit,  Mich.,  May  1,  1877. 

General  :  I  have  the  honor  to  report  that  during  the  year  ending  April  30,  1877, 1 
was  engaged  on  field  and  office  duty  as  follows : 

From  May  1  until  June  16,  1876, 1  was  engaged  in  completing  the  computations  and 
tables  for  difference  of  longitude  between  Detroit  and  Tonawauda,  N.  Y.,  and  between 
Detroit  and  Mannsville,  N.  Y. 

I  also  completed  the  reduction  of  the  observations  for  relative  personal  equation  be- 
tween Lieut.  D.  W.  Lock  wood  and  myself. 

From  June  17  until  June  30  I  was  engaged  in  inspecting  triangnlation-stations 
erected  at  Summit,  111.,  and  on  Long  Point,  Lake  Erie.  The  latter  station  was  occupied 
for  the  pnrpose  of  reading  the  primary  angles,  but  the  weather  proved  to  be  very  un- 
favorable, and  nothing  of  consequence  was  accomplished  before  the  parties  were  re- 
called from  the  field,  June  30. 

From  August  2  uutil  November  15  I  was  engaged  on  the  primary  triangulation  of 
Lake  Erie,  occupying  and  completing  the  angles  at  Houghton,  Edenboro',  and  Andover. 
One  angle  at  Houghton,  between  Erie  and  Conneaut,  was  not  read,  as  Conneaut  is 
not  in  sight  except  during  excessive  refraction. 

Owing  to  very  unfavorable  weather  and  to  the  lateness  of  the  season  when  this  sta- 
tion was  occupied,  no  measurements  of  this  angle  were  obtained. 

Tbe  number  of  primary  angles  read  at  these  three  stations  was  17. 

After  returning  from  field-work,  November  15,  I  was  engaged  on  office-computations 
during  the  remainder  of  the  year,  viz : 

1st.  In  tabulating  and  reducing  the  primary  angles  read  by  Assistant  Engineer 
Darling  and  myself  during  the  season  of  1876.  This  included  the  duplicate  reduction 
of  the  target  corrections  and  mean  and  probable  errors  of  the  angles. 

2d.  In  connection  with  Assistant  Engineer  Winner,  in  reduciug,  by  method  of  least 
squares,  the  lime-observations  made  by  Lieut.  D.  VV.  Lock  wood,  at  Willow  Springs, 
111.,  and  Detroit,  in  1876. 

Also,  by  method  of  high  and  low  stars,  the  reduction  of  time-observations  made  at 
Saginaw  and  Saint  Louis,  Mich.,  by  tbe  same  observer. 

3d.  In  checking  tables  compiled  by  Capt.  H.  M.  Adams,  for  difference  of  time  between 
Detroit  and  the  longitude  stations  occupied  by  Lieutenant  Look  wood,  including  the 
personal  equation  at  Detroit. 

4th.  Reduction  of  azimuth  observations  made  by  Lieutenant  Lockwood  at  Cairo,  UK 

5th.  Duplicate  computation  of  length  of  secondary  base-line,  measured  at  Cairo,  by 
Lieutenants  Lockwood  and  Price. 

Also,  the  computation  of  the  triangles  and  co-ordinates  of  the  secondary  and  ter- 
tiary stations  about  Cairo,  111. 

I  was  aided  in  the  field-work  by  Mr.  C.  W.  Clark,  to  whom  my  thanks  are  due  for 
th**  efficient  manner  in  which  he  discharged  his  duties  as  recorder. 

Respectfully  submitted. 

A.  R.  Flint, 
Assistant  Engineer* 

General  C.  B.  Comstock, 

Major  of  Engineers. 
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8.  report  of  mr.  r.  s.  woodward,  assistant  engineer. 

Office  United  States  Lake  Survey, 

May  5,  1877. 

Sir:  I  have  the  honor  to  present  the  following  report  on  work  done  by  me  during 
the  year  ending  April  30,  1877 : 

About  May  1,  1876,  I  was  assigned  to  duty  in  the  primary  triangnlation  of  Lake 
Erie.  Preparations  were  accordingly  made  aud  my  party  left  Detroit  lor  Angola,  N. 
Y.,  on  May  16.    On  May  18,  we  began  work  at  Sturgeou  Point  station. 

The  theodolite  used  was  the  new  one,  No.  3,  by  Troughton  and  Simms,  and  owing  to 
imperfections  in  its  construction  and  changes  that  had  to  be  made  in  the  illuminating 
apparatus  of  the  reading  microscopes,  the  work  at  Sturgeon  Point  station  was  not 
completed  until  June  19. 

On  June  20  we  jnoved  to  Grand  River  station,  near  Port  Maitland,  Ontario. 

On  June  23  I  received  orders  to  suspend  work  and  return  to  Detroit.  Accordingly, 
my  instruments  and  equipage  were  shipped  on  June  24. 

On  June  30 1  was  discharged.  On  August  3 1  was  re-employed,  and  ordered  to  resume 
work  at  Grand  River  station.  I  arrived  at  this  station  August  4.  but,  as  it  was  neces- 
sary to  visit  four  other  stations,  set  signals,  and  establish  dashers,  the  work  of  reading 
angles  was  not  begun  till  August  12. 

Great  difficulty  was  experienced  in  seeing  over  the  line  to  Long  Point,  it  being 
partly  under  water,  with  ordinary  refraction,  and  as  the  weather  was  almost  contin- 
ually smoky,  the  measurements  were  delayed  until  September  22. 

September  23  the  party  moved  to  Westtield  station,  near  Westfield,  N.  Y. 

At  this  station,  in  addition  to  the  primary  work,  there  was  considerable  secondary 
work  to  be  done.  Secondary  stations  Brockton,  Prospect,  Barcelona,  Ripley,  aud  Har- 
bor Creek  were  occupied,  and  marking  and  reference  stones  were  set  at  each.  At 
Dunkirk,  N.  Y.,  a  connection  was  made  between  the  old  and  new  light-house  towers. 

Rainy  and  windy  weather  prevailed  during  the  remainder  of  September  and  through- 
out October,  and,  as  a  coneequeuce,  the  woik  was  not  completed  nutil  November  4. 

Returning  to  Detroit,  on  November  4,  I  was  engaged  till  about  January  I,  1877,  in 
tabulating  the  results  of  the  season's  field-work,  and  computing  connections  for  sig- 
nals, &c. 

Since  January  1, 1  have  been  occupied  chiefly  as  follows :  In  duplicate  computations 
by  least  squares  of  the  differences  betweeu  the  lengths  aud  expansions  of  the  Lake 
Survey  brans  yards ;  in  the  compilation  of  a  descriptive  catalogue  of  one  hundred 
and  lour  primary  stations,  in  the  triangnlation  extending  from  Minnesota  Point  base- 
line to  the  south  end  of  Lake  Michigan ;  in  the  tabulation  of  the  observed  values  of 
the  angles,  the  conditions  for  adjustiueut,  the  adjusted  values  of  the  angles,,  and 
other  data  derived  from  the  triangnlation  connecting  Minnesota  Point  base-line  and 
the  hue  Freemont-Deerfield,  111. 
Very  respectfully, 

R.  S.  Woodward, 

As&istant  Engineer. 

General  C.  B.  Com  stock, 

Superintendent  United  Statet  Lake  Survey, 


9.— report  of  mi:,  j.  h.  darling,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  April  :*U,  1877. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  field  and  office  work  done 
by  me  during  the  year  ending  April  30,  1877  : 

Field-work. — I  went  iuto  the  field  August  7,  1876,  in  charge  of  a  trian&rnlation  party, 
and  was  engaged  in  measuring  angles  ou  the  primary  system  of  Lake  Erie. 

The  first  Htation  occupied  was  Long  Point.  Here  my  progress  was  seriously  hindered 
by  cloudy  weather  and  gales  of  wind,  and  by  difficulty  in  seeiug  over  the  line  to  Grand 
River,  which  required  extraordinary  retraction  to  bring  into  view.  I  was  detained  at 
this  point  about  two  months.  Then  crossed  the  lake  and  occupied  Sta'ion  Thompson, 
in  Ohio,  completing  the  angles  of  this  point  and  also  the  secoudary  w  >rk  in  that 
viciniry,  after  which  I  returned  to  Detroit,  reaching  tho  office  November  18,  1876. 

The  instrument  which  I  used  was  the  new  14-inch  Troughton  and  Simms  theodolite 
lake-survey  No.  4.  The  season  was  too  short  and  the  weather  too  unfavorable  most  of 
the  time  to  afford  a  thorough  test  of  its  qualities;  but  the  small  range  in  the  results 
on  a  few  occasions,  when  the  conditions  for  measurement  were  first  class,  encouraged 
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roe  to  believe  that  the  instrument  (with  the  exception  of  some  minor  and  easily-rem 
edied  detects)  is  a  superior  one. 

Very  respectfully,  your  obedient  servant, 

J.  H.  Darling, 

Assistant  Engineer. 
General  C.  B.  Comstock, 

Superintendent  United  States  Lake  Survey. 


10. — report  of  mr.  o.  b.  wheeler,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  Mich.,  May  15,  1877. 

General:  I  have  the  honor  to  submit  the  following  abstract  of  work  accomplished 
to  date  by  the  computing  division  since  June  26,  1876  :  / 

All  computations  not  self-checking  have  been  computed  in  duplicate. 

1.  Triangulation. — The  completion  of  adjustment  of  primary  triangulation  from  Sandy 
Creek  base  to  line  Tonawanda-Pekin,  near  Buffalo  base,  in  one  set  of  equations  and 
formation  of  local  and  side  equations  fur  triangulation  around  Buffalo  base  from  line 
Tonawanda-Pekin  to  line  Grand  River-Westfield.  The  method  employed  is  that 
given  in  the  lake-survey  report  for  1872.  The  computation  in  ten-place  logarithms 
of  sides  of  triangles  between  Keweenaw  and  Minnesota  bases,  and  between  Keweenaw 
and  Fond  dn  Lao  bases,  with  Keweenaw  base  as  unity,  and  of  sides  of  triangles  between 
Sandy  Creek  base  and  line  Tonawanda-Pekin,  with  Sandy  Creek  base  as  unity. 

The  preliminary  computation  of  the  primary  triangulation  of  Lake  Erie  from  Buf- 
falo to  Ashtabula  and  computation  of  secondary  triangulation,  connecting  primary 
triangulation  with  shore-line  work  through  21  points  along  shore. 

2.  Geodetic  positions  and  data  for  reduced  charts. — The  computation  for  mapping  pur- 
poses of  67  geodetic  positions  on  Lake  Outario  and  of  41  ou  Lake  Erie.  The  referring 
of  21  stations  on  Lake  Ontario  to  meridians  and  parallels  10'  apart,  67  stations  on  Lake 
Ontario  to  meridians  and  parallels  30'  apart,  and  of  74  stations  on  Lake  Michigan  to 
meridians  and  parallels  5'  apart.  The  preparation  of  tables  and  notes  for  6  final 
charts. 

3.  Latitude,  longitude,  time,  and  azimuth. — The  check-computation  of  latitude  of  6  sta- 
tions in  Ohio,  Michigan,  and  Illinois;  and  of  triangulation  connecting  stations  with 
fixed  points  of  reference.  The  making  of  13  sets  of  time-observations,  the  reduction  ot 
20  sets  of  observations  for  time  at  Detroit,  the  reading  of  chronograph-sheets  for 
18  nights1  work,  the  computation  of  wire- intervals  and  the  tabulation  of  results  for 
time  and  longitude.    The  check- computation  of  azimuth  at  Cairo,  111. 

4.  Water-levels. — The  reduction  of  water-level  observations  made  since  May,  1876  ;  the 
preparation  for  publication  of  tables  of  results,  platting  of  curves,  and  description  of 
new  bench-marks. 

5.  Base-lines. — The  recomputation  of  Minnesota  base-line.  The  making  of  a  synopsis 
of  data  and  corrections  for  each  of  5  primary  base-lines.  Tne  solution  of  4  sets  of  equa- 
tions by  least  squares  in  connection  with  the  comparisons  of  base-line  tubes  with  yards 
and  standard  bar. 

6.  Miscellaneous. — The  reading  of  proof-sheets  of  the  last  annual  report.  The  exami- 
nation of  projections  for  5  reduced  charts  and  a  final  examination  of  6  finished  within 
the  year ;  the  comparison  of  5  thermometers  with  2  standards ;  the  compiling  of  a  trac- 
ing from  land-surveys  of  the  Mississippi  River  from  Cairo  to  New  Madrid ;  the  ex- 
tending of  3  progress-sketches  showing  work  completed  up  to  May  1. 1877 ;  the  winding 
and  comparing  of  chronometers  and  tabulation  of  corrections  and  rates  of  standard 
chronometers  at  intervals  of  two  weeks ;  the  cdmparing,  tabulating,  and  putting  in 
form  the  results  from  all  computations. 

Various  other  check-computations  have  been  made  and  data  looked  up  and  furnished 
parties  as  occasion  required. 

I  have  been  faithfully  assisted  by  Assistant  Engineers  Russell,  Kummell,  and  Wright, 
regularly,  mid  by  Assistant  Engineers  Da;  ling,  Lebuartz,  and  L.  L.  Wheeler,  while 
assigned  to  me. 

Very  respectfully,  your  obedient  servant, 

O.  B.  Wheeler, 
Assistant  Engineer. 
Geriernl  C.  B.  Comstock, 

Superintendent  United  States  Lake  Surwy. 
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11. — REPORT  OF  MR.  E.  S.  WHEELER,  ASSISTANT  ENGINEER. 

Detroit,  Mich.,  May  1, 1877. 

Sir:  I  have  the  honor  to  report  the  following  work  accomplished  daring  the  past 
year: 

The  permanent  and  temporary  changes  in  the  length  of  the  tabes  of  the  Wiirdeniann 
base  apparatus  have  been  determined  from  all  the  comparisons  since  1870. 

The  results  of  these  changes  have  been  computed  and  applied  to  the  Minnesota,  Fond 
du  Lac,  Keweenaw,  Sandy  Creek,  and  Buffalo  bases. 

The  details  have  been  given  in  special  reports. 

Comparisons  of  steel-yards  A  and  B  with  each  other  were  made  daring  the  month 
of  November. 

From  the  beginning  of  February  until  the  present  time  I  have  been  occupied  in 
preparing  the  new  coniparing-room  and  determining  the  constants  of  toe  Repsold  base 
apparatus. 

Very  respectfully,  your  obedient  servant, 

E.  S.  Wheeler, 
Assistant  Engineer. 

General  C.  B.  Comstock, 

Major  of  Engineers, 


12.  report  of  mr.  q.  a.  marr,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  May  1,  1877* 

General:  I  have  the  honor  to  submit  the  following  report  of  field  and  office  work 
since  May  17,  1876: 

With  a  party  consisting  of  George  C.  Comstock  as  recorder,  and  John  P.  Hoffman 
as  attendant,  I  left  Detroit  May  17, 1876,  for  Port  Colborne,  Ontario,  to  occupy  primary 
station  Sugar  Loaf  for  measuring  the  angles  at  that  station.  From  this  point  7  sta- 
tions were  to  be  read  to  making  7  angles,  as  each  angle  was  to  be  used  directly  in  the 
system  of  primary  triangles. 

*  As  4  of  7  the  stations  to  be  read  to  were  on  the  north  shore  of  the  lake  it  was  neces- 
sary that  I  should  put  up  the  targets  at  these  stations,  both  for  use  for  Sugar  Loaf 
station  and  also  for  the  two  parties  on  the  south  shore.  This  delayed  the  work  for 
measuring  angles  until  May  23,  when  all  was  in  readiness  to  take  advantage  of  the 
first  favorable  weather.  Besides  measuring  the  primary  and  secondary  angles  at  the 
station,  a  base  of  642  meters  and  a  tertiary  system  of  triangles  were  measured.  The 
work  at  Sugar  Loaf  station  was  completed  June  26,  with  following  results : 

Primary  stations  occupied 1 

Primary  angles  measured 7 

Secondary  angles  measured 4 

Vertical  angles  measured 8 

Tertiary  stations  occupied 4 

Tertiary  angles  measured 12 

In  accordance  with  instructions,  the  party  returned  to  Detroit  op  June  28,  when  the 
recorder  aud  attendant  were  paid  and  discharged.  Was  occupied  until  the  end  of  June 
turning  in  note-books  and  Lake-Survey  property. 

On  August  1  received  instructions  to  continue  the  reconnaissance  fir  primary  trian- 
gulation  west  from  Cleveland,  Ohio,  and  to  locate  secondary  points  from  the  State 
fine  between  Pennsylvania  and  Ohio  west  as  far  as  the  location  of  poiuts  for  primary 
triangulation  was  completed. 

Was  joined  by  Mr.  George  C.  Comstock,  as  recorder,  on  August  3,  and  was  occupied 
at  the  office  until  August  5  making  plans  and  specifications  for  pri  oary  stations  so  as 
to  obtain  bids  from  parties  in  Cleveland  for  building  primary  stations  in  that  vicinity. 

Reached  Cleveland  on  the  morning  of  August  6,  and  was  occupied  two  days  in  secur- 
ing reliable  contractors  that  would  forward  to  the  office  bids  for  building  stations. 

The  reconnaissance  was  then  commenced,  aud  the  following  points*  for  primary  sta- 
tions selected,  viz:  01  instead,  Grafton,  Elyria,  Camden,  Browubelm, andTownsend. 

This  part  of  the  work  was  quite  difficult,  on  account  of  the  very  high  timber  in  that 
section  of  country. 

Secondary  points,  to  be  connected  directly  with  the  shore-work,  were  located  as  fol- 
lows: Aruboy,  Saybrook,  Steeple  of  Baptist  church  in  Ashtabula,  Geneva,  Perry,  pier- 
light  aud  main  light-bouse  at  Fairport,  Euclid,  and  the  following  points  in  Cleve- 
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land  :  chimney  of  Otis  Steel-Works,  in  the  eastern  part  of  the  city,  spire  of  the  Pres- 
byterian church,  Besseuier-steel  flag-pole,  and  Main  light-house,  in  the  central  part; 
spire  of  Saint  Malachi's  church,  (since  blown  down,)  on  the  west  side,  and  the  light- 
tower  of  the  water-works  crib  out  in  the  lake;  and  also  west  of  Cleveland  ;  triangula- 
tion  stake  32  of  Assistant-Engineer  Towar;  Dover;  light-house  at  Black  River  ;  light- 
house and  two  tall  church-spires  in  Vermillion  ;  light-house  and  spire  of  Presbyterian 
church  in  Huron  ;  spire  of  Methodist  church  aud  cupola  of  court-house  in  Sandusky; 
Cedar  Point  light-house  ;  and  Marblehead  light-house. 

Also  inspected  and  reported  upon  the  following  primary  stations,  built  by  Mr.  Luke 
Crossley,  viz :  Conueaut,  Andover.  Orwell,  Thompson,  Mesopotamia,  CI  arid  on,  Little 
Mountain,  Chester,  Willpughby,  Warrensville,  Royalton,  and  Rockport. 

After  returning  to  the  office,  November  25,  the  results  for  angles  at  Sugar  Loaf  sta- 
tion were  reduced  and  tabulated,  and  target  corrections  carefully  computed. 

Made  a  computation  by  least  squares  of  the  comparisons  of  brass  yard  No.  6  with  the 
steelyards  A  and  B,  and  reduced  from  the  original  notes  the  comparisons  of  tubes  aDd 
standard  bar  in  the  measurement  of  the  Minnesota  Point  base,  being  a  recomputation. 

Also,  checked  a  reduction  by  Assistant  Engineer  Pratt  of  comparisons  of  standard 
bar  aud  secondarj-  base  tubes  3  and  4. 

About  March  7  was  assigned  to  duty  with  Assistant  Engineer  E.  S.  Wheeler  in  the 
comparing-room. 

When  not  occupied  in  observing  aud  other  necessary  work  in  the  room,  was  eugaged 
in  determining  values  of  levels  and  microscopes  of  the  Repsold  base  apparatus. 

Was  ably  assisted  during  field-work  by  Mr.  George  C.  Comstock,  as  recorder,  and  it 
affords  me  pleasure  to  recommend  him  for  further  aud  eveu  more  responsible  employ- 
ment. 

Very  respectfully,  your  obedient  servant, 

G.  A.  Mark, 
Assistant  Engineer, 

General  C.  B.  Comstock, 

Major  of  Knyiuctra. 
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ANNUAL    EEPORT    OF  MR.  CLARENCE  KING,  GEOLOGIST, 
FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1877. 

GEOLOGICAL  EXPLORATION   OF  THE  FORTIETH  PARALLEL,  FROM   THE 
SIERRA  NEVADA  TO  THE  EASTERN  SLOPE  OF  THE  ROCKY  MOUNTAINS.  . 

U.  S.  Geological  Exploration  of  the  40th  Parallel. 

Cheyenne,  Wyo.y  August  23, 1877. 

General:  I  have  the  hcmor  to  report  that  for  the  year  ending  June 
30,  1877,  the  operations  of  this  survey  have  been  entirely  confined  to 
office-work,  consisting  of  the  superintendence  of  the  publication  of  our 
atlas  and  text.  In  July  of  the  previous  year,  the  Public  Printer  reached 
our  work,  and  from  that  time  to  this  it  has  been  slowly  but  steadily  pro- 
gressing. We  have  completed  during  the  year  Yol.  VI,  Microscopical 
Metrography;  Vol.  IV,  Paleontology  and  Ornithology;  and  Vol.  II,  Descrip- 
tive Geology.  The  Geological  and  Topographical  Atlas  has  also  been  fin- 
ished, the  latter  consisting  of  the  following  sheets:  Paper  cover,  title- 
page,  legend-sheet,  sketch-map  of  the  Western  Cordilleras,  five  geological 
maps,  in  two  sheets  each,  five  topographical  maps,  in  two  sheets  each, 
and  four  sheets  of  general  geological  sections. 

To  complete  the  report,  there  will  be  produced,  as  already  approved, 
Vol.  I,  Systematic  Geology,  and  Vol.  VII,  Vertebrate  Paleontology.  The 
latter  volume,  together  with  its  illustrations,  is  now  in  active  prepara- 
tion at  the  hands  of  Professor  Marsh,  of  the  Yale  museum.  Vol.  I,  my 
own  contribution  to  the  report,  is  completed,  requiring  only  revision  and 
printing.  The  illustrations  of  Vol.  I  are  all  done.  Judging  from  the 
rate  of  publication  of  the  other  volumes,  Vol.  I  will  require  four  months 
for  publication ;  and  if  taken  up  in  October,  as  I  hope  it  will  be,  the 
series  of  reports  should  be  finished  early  in  the  following  year. 
Very  respectfully,  your  obedient  servant, 

Clarence  King, 
Geologist  in  charge. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 
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United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washington r  D.  C,  June  30, 1877. 

Sir  :  I  have  the  honor  to  submit  the  following  report  for  the  fiscal 
year  ending  June  30,  1877 : 

Including  the  expeditions  of  1876-'77,  the  fields  occupied  will  have 
embraced  parts  of  the  States  and  Territories  of  California,  Oregon,  Ne- 
vada, Texas,  Arizona,  Colorado,  Idaho,  Montana,  New  Mexico,  Utah,  and 
Wyoming. 

The  remaining  political  divisions  of  the  area  west  of  the  one-hundredth 
meridian,  into  which  parties  of  this  expedition  have  not  entered  for  its 
survey,  are  the  State  of  Kansas  and  the  Territories  of  Washington  and 
Dakota.  The  work  so  far  has  been  directed  to  the  most  rugged  and 
thinly-settled  portions  of  the  western  mountain  region.  As  time  and 
means  permit,  the  areas  occupied  will  adjoin  the  sections  of  territory 
already  entered  and  continue  toward  completion  the  topographical  sur- 
vey of  the  entire  region. 

SUMMARY  OF  FIELD  AND   OFFICE  OPERATIONS. 

« 

The  expedition  of  1876,  in  two  sections,  (Colorado  and  California,)  took 
the  field  during  the  month  of  August  from  Fort  Lyon,  Col.,  and  Carson, 
Nev.,  respectively.  Two  parties  were  organized  at  Fort  Lyon  and 
four  at  Carson. 

The  expedition  of  1877  took  the  field  during  the  early  part  of  May, 
resuming  the  labors  as  left  by  parties  of  1876  in  the  Colorado  and  Cali- 
ifornia  sections  of  the  survey,  and  organizing  a  third  division  to  operate 
in  portions  of  Utah,  Idaho,  and  Montana,  to  be  known  as  the  "  Utah 
section  *  of  the  survey. 

The  disbandment  of  the  parties  of  the  1876  expedition  was  concluded 
at  Fort  Lyon,  Col.,  and  Carson,  Nev.,  respectively,  during  the  latter  days 
of  November,  closing  a  season  of  a  little  less  than  four  months,  made 
short  by  want  of  necessary  appropriations  with  which  to  enter  the  field 
during  May,  as  is  most  economical  and  satisfactory,  fend  marked  by  an 
activity  ou  the  part  of  parties  that  has  afforded  favorable  results. 

The  following  changes  in  the  personnel  have  occurred  during  the 
year : 

Lieut.  William  L.  Marshall,  Corps  of  Engineers,  relieved  from  duty 
August  8,  1876. 

Lieut.  Samuel  E.  Tillman,  Corps  of  Engineers,  reported  for  duty 
August  10, 1876. 

Lieut.  Thomas  W.  Symons,  Corps  of  Engineers,  reported  for  duty 
August  9,  in  obedience  to  Special  Order  No.  161,  paragraph  5,  Head- 
quarters of  the  Army,  August  8,  1876. 

Professor  Jules  Marcou,  a  member  of  the  expedition  of  1875,  and  later 
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connected  with  the  office,  called  by  private  business,  contributes  no 
longer  his  valuable  labors  in  western  geology,  having  left  the  country 
for  Europe  for  a  limited  period.  Br.  Oscar  Loew,  whose  industry  in 
many  fields  of  scientific  inquiry  are  evidenced  by  his  reports,  returns  to 
his  home  in  Germany.  His  lai&e  enthusiasm  and  commendable  energy 
justifies  the  hope  that  he  may  forego  any  prolonged  professional  under- 
taking there,  and  return  to  this  country  to  continue  his  labors. 

The  services  of  Frank  Carpenter  terminated  when  he  left  the  United 
States  for  the  purpose  of  joining  in  the  surveys  now  being  prosecuted 
by  Americans  in  Brazil. 

Mr.  George  M.  Lockwood,  connected  with  the  work  since  1873,  upon 
appointment  to  the  chief  clerkship  of  the  Paten  Office,  concluded  his 
service  here. 

The  only  appointments  made  during  the  year,  except  as  to  minor  posi- 
tions, are  those  of  Mr.  John  A.  Church,  iniuiug  engineer,  now  engaged 
in  an  examination  of  the  mining  affairs  about  the  Comstock  Lode,  and 
Mr.  E.  T.  Gunter,  wbo  accompanies  the  party  of  Lieutenant  Bergland 
for  the  field  season.  Dr.  J.  T.  Liotiirock  has  beeu  eugaged  during  the 
year  in  the  completion  of  his  botanical  report,  which,  in  connection  with 
the  special  reports  of  several  scientific  gentlemen,  will  make  the  body 
of  volume  vi. 

Prof.  F.  W.  Putnam,  without  additional  compensation,  continues  his. 
work  upon  the  archaeological  collections  placed  in  his  hands,  and  brings 
toward  completion  the  manuscript  for  volume  vii  of  the  quarto  reports. 

Four  general-service  clerks  have  been  enlisted,  who  are  called  upon, 
in  addition  to  frequent  clerical  duty,  to  assist  iu  the  tracing  and  draught- 
ing of  maps,  and  iu  the  field  for  topographical  observations. 

1  desire  to  recognize  the  cheerful  assistance  frequently  extended  by 
the  officers  of  the  supply  department  of  the  Army  in  facilitating  the 
progress  of  the  work,  aud  to  others,  officers  of  the  Government  and  indi- 
viduals, who  ha \ie  shown  willingness  to  aid,  either  directly  in  the  objects, 
songht,  or  by  appreciation  of  the  results  obtained. 

The  following  list  notes  certain  of  the  more  prominent  features  of  the 
field  and  office  work : 

FIFXD. 

Sextant  latitude  stations 74 

Bases  measured 2 

Triangles  about  bases  measured 50 

Main  triangulation-stations  occupied 64 

Secondary  triangulation-stations 80 

Station  on  meanders 5, 115 

Three-point  stations  occupied 765 

Camps  made 317 

Miles  meandered 4,379.49 

Magnetic  variations  observed 208 

Monuments  built 168 

Cistern-barometer  stations  occupied 749 

Aneroid-stations  occupied 3,804 

Mining-camps  visited 15 

Mineral  and  thermal  springs  noted 16 

Mammals,  specimens  collected 13 

Birds,  specimens  collected 109 

Reptiles,  lots  collected 10 

Fishes,  lots  collected 9 

Insects,  lots  collected 31 

Shells,  lots  collected 2 

OFFICE. 

Astronomical  positions  computed 46 

Stations  adjusted  by  method  of  least  squares 93 
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Triangles  computed • 279 

Distances  computed 186 

Latitudes  and  longitudes  computed 186 

Azimuths  computed 186 

Sheets  and  parts  of  sheets  plotted.  (1  inch  to  2  miles) 17 

Special  sheets  drawn,  (various  scales) # 16 

Cistern-barometer  altitudes  computed 709 

Aneroid-barometer  altitudes  computed -. 3,709 

Atlas-maps  (1  inch  to  4  miles)  published 7 

Atlas-maps  (1  inch  to  4  miles)  nearly  ready  for  publication 4 

Atlas-maps  (1  inch  to  4  miles)  partially  completed 2 

Reports  published:  Volume  iv. 

Reports  distributed 1,533 

Reports  in  course  of  publication :  Volumes  i,  vi,  vii ;  Star  Catalogue,  and  table 

of  distances. 

Maps  distributed '.  8, 133 

ASTRONOMICAL. 

The  latitudes  of  a  number  of  points,  as  determined  by  the  officers  of 
the  survey  for  the  season,  are  herewith  given,  viz: 
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The  latitade  and  longitude  and  altitude  of  the  main  astronomical 
stations  will  be  given  in  volume  II  of  the  quarto  reports,  now  passing 
through  the  press. 

It  has  not  been  found  necessary  to  occupy  further  main  astronomical 
stations  for  the  purpose  of  checking  positions  determined  by  other  means 
in  the  prosecution  of  work  of  1877  ;  but  upon  the  completion  of  the 
observatory  at  Ogden  and  those  contemplated — one  at  Denver,  Col., 
another  on  the  western  slope  of  the  Sierras,  a  number  of  points  to  the 
north  and  south  of  the  present  line  of  the  Pacific  Kailroad,  i.  e.,  in  Oregon, 
Idaho,  Montana,  Texas,  New  Mexico,  and  Arizona — may  be  occupied. 

GEODETIC  AND  TOPOGRAPHICAL. 

The  sketches  showing  the  triangulation  in  the  Colorado,  Utah,  and 
California  sections  are  added  to  as  computations  progress,  ami  from  time 
to  time,  as  it  covers  a  number  of  the  regular  atlas  sheets,  will  be  pub- 
lished, qs  well  as  the  geographical  positions,  obtained  by  triangulation, 
of  prominent  points.  The  number  of  triangulation  stations  of  the  highest 
grade  increases  each  yeap,  and  especially  in  areas  where  more  numerous 
observations  become  necessary  in  order  to  gather  data  for  delineation  on 
maps  of  the  larger  scales.  As  usual,  the  areas  occupied  in  the  expedi- 
tions of  1876  and  1877  follow  strictly  those  authorized  by  the  Chief  of 
Engineers  and  the  honorable  the  Secretary  of  War,  in  pursuance  of 
projects  submitted  by  the  officer  in  charge,  and  are  all  laid  within  that 
part  of  the  territory  of  the  United  States  lying  west  of  the  one-hundredth 
meridian,  as  shown  upon  the  progress  map,  and  over  which  it  is  contem- 
plated that  topographical  surveys  iu  detail  commensurate  with  the  char- 
acter and  development  of  the  various  sections  shall  be  prosecuted  to 
completion. 

The  topographical  assistants  are  now  required  to  add  to  their  notes 
careful  data  showing  the  natural  resources  of  the  region  traversed,  iu 
order  to  collect  information  as  to  the  general  character  and  value  of  the 
areas  still  belonging  to  the  Government,  and  it  appears  that  the  relative 
areas  of  arable,  timber,  grazing,  mineral,  and  arid  lands  may  be  described 
and  delineated. 

The  noticeable  topographical  results  inaugurated  during  the  year  are 
about  Lake  Tahoe,  in  the  Sierra  Nevada,  the  topography  of  which,  froin 
data  now  gathered,  warrant  a  projection  on  a  scale  of  1  inch  to  1  mile, 
which  has  been  completed  at  the  hands  of  a  special  party  engaged  upon 
the  high  peaks  and  along  the  divides  of  the  water  courses  of  this  pecu- 
liarly interesting  lake  region. 

The  plane-table  sheets  covering  the  entire  Comstock  mining  district 
are  drawn  upon  a  scale  of  1  inch  to  500  feet,  and  will,  after  reduction, 
serve  as  a  complete  and  connected  contour  map  of  this  region  so  abun- 
dant in  the  precious  metals.    , 

As  usual,  when  practicable,  connections  have  been  made  with  main  and 
minor  points  of  the  land  survey  and  monuments  built  in  all  cases  of  due 
importance.  The  areas  covered  by  the  expedition  of  1876  are  noted 
upon  the  progress  map  as  parts  of  atlas  sheets  47,  48,  56,  61, 62,  70,  77, 
and  78.  Portions  of  the  following  basins  are  embraced,  the  "Great  In- 
terior Basin,"  and  those  of  the  Arkansas  and  Rio  Grande  Eivers,  as  well 
as  the  headwaters  of  a  number  of  streams  lining  the  western  slopes  of 
the  Sierra  Nevada  between  the  latitudinal  limits  noted  on  the  progress 
sheet.  The  gauge  of  the  success  of  the  expedition  is  better  shown  by 
the  number  and  character  of  the  observations  made  at  the  main  geo- 
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graphical  stations  than  by  the  area  covered,  although  the  latter  is  not 
inconsiderable  for  so  short  a  season. 

A  measured  and  developed  base  was  laid  out  in  the  Carson  Valley, 
and  connected  with  the  astrdhomical  station  established  in  1873  at  Vir- 
ginia City,  New  A  description  of  the  apparatus  and  method  employed, 
by  Dr.  Kampf,  being  somewhat  typical  of  that  adopted  for  use  upon  the 
survey,  is  herewith  given. 

DESCRIPTION  OF  MEASURING-ROD. 

The  rod  was  decided  upon  by  the  officer  in  charge  in  the  winter  of 
1875-^76,  upon  consultation  with  Dr.  Kampf,  and  constructed  by  Mr. 
Edward  Kabler.  It  was  made  of  wood,  20  feet  in  length,  strengthened 
by  a  vertical  cross-piece.  Each  end  of  the  rod  is  provided  with  a  scale 
8  inches  long,  subdivided  to  y^  of  an  inch,  so  that  by  a  magnifier  it 
can  be  read  to  thousandths.  At  a  point  near  the  center  an  arc  of  a  cir- 
cle of  30°  extension  is  fastened.  An  arm  attached  to  the  center  of  the 
circle,  and  movable  by  a  micrometer-screw,  carries  a  level,  so  that  after 
determining  the  zero-point  on  the  face  of  the  circle  the  inclination  of  the 
rod  can  be  easily  read  to  5  minutes.  The  rod  is  placed  for  measurement 
on  two  iron-plates,  weighing  about  30  pounds  each,  and  provided  with 
three  strong  iron  pins  2  inches  long.  In  the  center  of  the  plate,  on  an 
elevated  silver  plane,  is  drawn  a  cross-line,  which  acts  in  the  nature  of 
the  zero-point  of  the  line. 

METHOD  OF  COMPARISON. 

The  rod  was  compared  daily,  both  before  and  after  its  use,  with  two 
steel  standard  rods,  constructed  by  the  United  States  Coast  Survey,  and 
of  a  normal  length  of  5  feet,  at  the  temperature  of  61°.6  F.  Iu  place 
of  the  rod  constructed  by  Mr.  Kahler,  a  similar  one,  not  quite  20  feet 
long,  politely  furnished  by  Mr.  Adolf  Sutro,  of  Sutro,  Nev.,  consisting 
of  very  well  seasoned  and  varnished  wood,  was  used.  A  very  simple 
apparatus  was  used,  constructed  for  comparison,  the  standard  steel  rods 
being  supported  on  two  wooden  blocks,  and  therefore  elevated  by  the 
thickness  of  this  support  from  the  plane  of  measurement,  two  knife- 
blades  were  driven  in  a  wooden  board,  22  by  1 J  feet  by  4  inches,  being 
As  much  above  the  surface  of  the  board  as  the  polished  plane  at  the  end 
of  the  normal  rod.  The  center  of  the  sharp  blade  and  the  plane  of  the 
normal  rod  were  brought  into  the  same  vertical  plane,  and  by  an  assist- 
ant is  kept  in  this  position  until  the  second  rod  is  brought  in  contact 
with  the  first.  Thus  continuing,  the  fourth  rod  was  found  to  reach  over 
the  knife-blade  about  1£  inches.  A  square  block  of  wood  was  placed 
at  the  end,  in  contact  with  the  normal  rod,  and  by  means  of  a  small 
measure,  3  inches  long,  and  divided  to  hundredths,  the  distance  from 
the  square  block  of  wood  to  the  blade  of  the  knife  was  read,  the  tem- 
perature being  always  carefully  noted  and  the  measurement  repeated. 

The  readings  were  made  by  Dr.  Kampf  and  his  assistant.  After 
determining  the  distance  between  two  points  on  the  edges  of  the  knife- 
blades,  the  measuring-rod  was  placed  on  top  of  the  blades  with  the 
utmost  care,  and  the  scale  on  both  ends  read.  In  this  manner  the 
amount  of  over-lapping  of  the  rod  was  obtained. 

Observation  made  October  11,  1876,  between  knife-blades,  20  feet 
1.537  inches,  55°.8  Fahrenheit ;  reading  of  scales  on  rod,  east  end,  0.420 
inch;  west  end,  0.140  inch;  therefore  the  length  of  the  rod  was  deter- 
mined to  be  20  feet  +  0.997  inch,  at  55°.8  Fahrenheit. 
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DESCRIPTION  OF  METHOD  OF  MEASUREMENT. 

Br.  Karapf  was  aided  in  the  measurement  by  Mr.  Louis  Seckels  and 
two  laborers.  The  work  was  divided  among  the  party  as  follows :  The 
line  was  laid  out  in  advance  for  one  day's  work,  marked  by  iron  pins  2 
feet  in  length  and  about  180  feet  apart.  The  base  was  measured  on  an 
old  road,  laid  out  about  ten  years  ago,  and  running  in  a  straight  line  for 
a  distance  of  3£  miles.  A  fine  line  was  tied  to  one  pin  and  fastened  to 
the  next  one.  Two  plates  were  laid  down  within  the  distance  of  20  feet 
2  inches,  approximately,  so  that  they  were  parallel  with  the  line  and 
tangent  to  it.  One  laborer  takes  the  measuring-rod,  bringing  it  near 
the  plates,  and  the  assistant  being  at  the  rear  end,  the  laborer  on  the 
other,  both  grasp  the  rod  at  the  same  time  and  put  it  on  top  of  the  plates 
T*o  of  an  inch  distant  from  the  cross  on  the  ridge  of  the  plates.  Mr. 
Seckels  reads  the  rear  end  of  the  scales  at  the  same  time  that  Dr.  Kampf 
reads  at  the  front  end  by  means  of  a  common  magnifying-glass.  The 
readings  are  then  at  once  recorded.  After  that  the  level  was  read  by 
Dr.  Kampf  and  simultaneously  with  Mr.  Seckels,  who  is  now  at  the  front 
end.  He  reads  the  rear  end  of  the  scales,  and  the  readings  are  recorded 
by  both.  Then  the  readings  are  called  out  and  in  case  of  disagreement 
repeated.  In  the  meanwhile  the  other  laborer  puts  an  auxiliary  rod  of 
20  feet  2  inches  in  the  position,  so  that  the  rear  end  may  be  in  line  with 
the  mark  on  the  plate  driving  the  third  plate  in  the  ground.  When  the 
readings  are  finished  the  new  plate  is  found  in  its  proper  position,  the 
laborer  brings  the  rods  in  front  of  both  plates,  and  the  operation  is  re- 
peated. The  other  laborer  takes  meanwhile  the  first  plate  put  down 
and  brings  it  to  the  front,  as  No.  4.  The  thermometer  is  read  from  time 
to  time  on  the  shady  and  sunny  side  of  the  rod,  to  obtain  its  tempera- 
ture. After  a  reasonable  practice  the  rate  of  measurement  may  be  as- 
sumed as  20  feet  for  each  interval  of  one  and  one-half  minutes. 

CO-EFFICIENT  OF  EXPANSION. 

• 

The  steel  rods  of  the  United  States  Coast  Survey  are  of  normal 
iength  at  the  temperature  of  61°.6  F.  By  means  of  the  co  e&cient 
of  expansion  for  one  degree,  as  given  in  Lee's  tables,  the  distance  of  20 
feet  is  reduced  by  applying  the  temperature  of  the  time  of  comparison, 
and  thereby  the  distance  between  both  knife-blades  is  obtained.  To 
this  is  added  the  readings  of  the  scales  of  the  rod,  and  the  length  of  the 
rod  for  the  observed  temperature  is  found.  The  mean  of  the  observa- 
tions at  low  and  high  temperatures  are  taken,  and  from  the  difference  of 
both  lengths  the  factor  of  expansion  is  derived,  as  shown  in  the  next 
table.  The  rod  having  been  heavily  saturated  in  a  rain  and  snow  storm 
on  October  II,  the  observations  taken  afterward  are  not  used  for 
determination  of  expansion.  The  length  of  the  rod  was  found  from  the 
comparisons  to  be  20ft  0*9408  for  61°.6  F. 
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Comparisons  at  low  temperature. 


Date. 

• 

o 
u 

.» 
a 

o 

i 

© 

H 

Knife-blades   distant   by 
reading,  20  feet. 

Corrections  for  expansion 
of  20-foot  steel  rod. 

Actual  distance  of  knife- 
blades,  20  feet. 

a 

6 

1 

O 
• 

u 

o 

8 

a 
0} 

Wooden  rod  equal  to  20 
feet. 

• 

1876. 
SeDtember  23 - 

o 

—14.1 

—  6.6 
—10.3 

—  7.6 
—10.6 

—  3.1 

—  8.8 

—  6.6 

—  7.8 

—  2.4 

—  9.6 

—  9.6 

—  9.6 
—10.2 

—  5.6 
+  0.4 
—13.0 

—  5.8 

—  2.6 

Inch. 
-1. 4950 
—1. 4950 
-1.4960 
-1.5150 
—1.5000 
—1.5150 
—1. 5100 
—1.5230 
—1.5260 
—1.  5340 
-1.  5180 
—1.5350 
—1.5330 
—1.5330 
—1.  5440 
—1.5580 
—1.  5450 
-1.5370 
—1.  5370 

Inch. 
— 0.02*5 
-0. 0101 
-0.0157 
-0.0116 
—0.  0162 
—0.0047 
—0. 0134 
—0. 0101 
—0.0119 
—0.0037 
-0.0146 
—0.0146 
—0. 0146 
—0.0156 
—0. 0085 
-f  0.0006 
-0.  0198 
—0.0088 
—0.  0040 

Inch. 
—1. 5165 
—1. 5051 
—1.5117 
—1.5266 
—1. 5162 
—1. 5197 
—1. 5234 
—1. 5331 
-1.  5379 
—1.5377 
—1.5326 
-1.  5496 
—1.  5476 
—1.5486 
—1.5525 
—I.  5574 
—1.5648 
—1.  5458 
—1.5410 

Inch. 

0.4950 

0.  4940 

0. 4980 

0.5050 

0.5070 

0. 5170 

0.  5270 

0.5320 

0  5390 

0.  5390 

0.5350 

0.5410 

0.5390 

0.  5410 

0.5410 

0.5490 

0.5590 

0.5600 

0.5410 

Inch. 
—1. 0215 

24 

—1. 0111 

25 

—1. 0137 

26 

—1.0216 

27 

—1.0092 

28 

—1.0027 

29 

—0.9964 

30 

—1.00 11 

October         1 

—1.0079 

2 

—0.9987 

3 

—0. 9976 

4 

—1.0086 

5 

—1.0086 

6 

—1. 0076 

7  

—1.0115 

8 

—1. 0784 

10 

—1. 0058 

11 

—0.9858 

H 

—1. 0000 

Mean  length  of  rod  at  54°  5  F.  =  20  feet— 1.0062  inch. 


Comparisons  at  high  temperature. 


Bate. 


1876. 

September  23 

24 

25 

26 

27 

28 

29 

30 

October         1 

2 

3 

4 

5 

6 

7 

8 

10 


o 

•3 
I 

u 

s 

9 

a 

o 

g 

© 
H 


-51.4 
-36.4 
-39.4 
•4a  4 
-23.4 
11.4 
22.0 
-47.9 
-11.4 
-60.4 
44.4 
-52.4 
60.4 
-56.4 
-18.4 
-17.4 
-33.4 


>» 

JO 


•"8 

•IS 


.2 
9 


Inch. 
-1.5500 
-1.5450 
-1. 5540 
-1.5320 
-1.5350 
-1.  5480 
-1.5390 
-1.  5650 
-1.5410 
-1.  5640 
-1.  5750 
-1.  5750 
-1.  58*  0 
-1.5740 
-1.  5730 
-I.  5740 
-1. 5750 


a 
© 


©  © 
© 

§1 


o 
O 


o 


Inch. 
+0.0784 
- -0.0555 

-  -0.0601 
- -0.0739 
- -0.0357 
- -0.0220 

-  -0.0336 
- -0.0731 
—0.0174 
- -0.0922 
- -0.0677 
- -0.0800 
- -0.0922 
- -0.0861 
- -0.0281 
- -0.0266 
- -0.0509 


§ 

nee  of  kn 
20  feet. 

© 
* 

o 

h 

disto 
lades, 

J3  c 

l 

n& 

** 

3 

o 

a 

© 

a 

<j 

eo 

Inch. 

Inch. 

— 1. 4716 

0.5110 

— 1.  4895 

0.5050 

— 1.  4939 

0.  5200 

—  1.4581 

0.5180 

— 1.  4993 

0.5220 

—1.5260 

0.  5280 

-1.  5054 

0.  5320 

— 1.  4910 

0.  5390 

— 1.  5236 

0.5410 

—1.4718 

0.  5540 

— 1.  5073 

0.5420 

—1.4950 

0.5450 

—1.4958 

0.  5510 

—1.  4879 

0.  5960 

— 1.  5449 

0.5420 

—I.  5476 

0.  5510 

—1.  5241 

0.  5620 

s 

©• 

3 


Inch. 
—0.9606 
—0. 9845 
—0.  9739 
—0.  9401 
—0.  9773 
—0.  9980 
—0.  9734 
—0.  9529 
—0. 9826 
—0.9178 
—0.  9653 
—0.9500 
—0.  9448 
—0.  9419 
—1.0029 
—0.  9966 
—0.  9621 


Mean  length  of  rod  at  99°.0  F.  =  20  feet  —  0.96616  inch. 

Expansion  of  rod  for  44°.5  F.  =  0.04004  inch. 
Expansion  of  rod  for   1°.0  F.  =  0.00090  inch. 
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REDUCTION  OF  OBSERVATIONS. 

The  following  corrections  are  applied  to  the  number  of  rods  multiplied 
by  20  feet : 

(1)  Difference  of  rod  from  20  feet  at  mean  temperature  of  all  observa- 
tions multiplied  by  the  number  of  rods  measured. 

(2)  Eeadings  of  both  ends  of  wooden  rod  when  lying  on  the  plates. 
f3)  Correction  for  inclination. 

The  following  table  contains  the  corrections  for  (1): 

First  measurement. 


Date. 

c 

a 

35 

U 
V 

5 
© 

I 

3 

Number   of  rods 
measured. 

S8 

go 

m 

©  fc 
?  c 

%*& 

89 
80 
89 
86 
65 
81 
89 
84 
92 
94 
93 
85 

104 
104 
.  54 
109 
102 
101 
111 
105 

98 
108 
110 

72 

Inches. 
-101.5487 

24 

—102. 1987 

25 

—  52.6305 

26 

-106.5279 

27 

-101.6022 

28.: 

-102.1061 

29 

—  108.2337 

30 

-102.9000 

October        1 

-  95.3399 

2 

-104.  8724 

3 

-106.8146 

4 

-  70.4318 

First  measurement,  1,181  rods-  1,155.2558  inches. 


Second  measurement. 


Date. 

e 

5 

2 

© 
p. 

a 

2 

a 

8 

Number   of    rods 
measured. 

Equivalent  num- 
ber of  rods  of  20 
feet. 

• 

October  5 

92 

97 

92.5 

83 

88 

58 

63 

57 

144 
151 
152 
150 
145 
129 
148 
150 

Inches. 
144.8357 

6 

146. 1710 

7 

147. 7516 

8 

151. 9837 

10 

141.5302 

11 

129.3945 

17 

139.  4297 

18 

141.  7125 

Second  measurement,  1,179  rods  —  1,142.4090  inches. 
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DEDUCTION  OF  RESULTS  OF  LENGTHS  OF  BASE  NEAR  8UTRO,  NBY. 

*  First  Second 

measurement,    measurement. 

Sum  of  corrections  for  (1) -.  —  96.2713  —  95.2007 

Sum  of  corrections  for  (2) —101.2506  —  62.2997 

Sam  of  corrections  for  (3) —    1. 1624  —    1. 1492 

Snm  of  corrections —198.6843  —158.6496 

Number  of  rods  multiplied  by  20  feet 23620. 0000  23580. 0000 

Length  of  base 23421.3157  23421.3504 

Mean 23421.333 

Reduction  to  level  of  the  sea.... —     4.946 

Resulting  length,  (feet) 23416.387 

ROUTES  OF  COMMUNICATION. 

A  small  Dumber  of  tables  of  distances  taken  from  the  road-measure- 
ments of  1870  are  herewith  given. 

In  each  subsequent  annual  report  the  routes  joining  the  main  termi- 
nal points  of  lines  of  present  or  prospective  importance  will  be  given, 
and  the  consolidated  table  mentioned  in  my  last  annual  report  will  soon 
be  made  more  complete  and  forwarded  for  publication. 

During  the  year  a  number  of  distances  between  military  posts,  prin- 
cipally in  the  departments  of  the  Missouri  and  Arizona,  have  been  fur- 
nished to  the  Paymaster-General,  United  States  Army. 

LIST  OF  ROAD-DISTANCES  BETWEEN  PROMINENT  POINTS  MEANDERED  BY  PARTY  NO.   1, 

COLORADO  SECTION,  1876. 

La  Junta  to  Paeblo. 

Pueblo  to  Canon  and  Florissant. 

Florissant  to  Fair  Play. 

Fair  Play  to  South  Arkansas  Post  Office. 

South  Arkansas  Post  Office  to  Mosca  Creek  Forks. 

Mosca  Creek  to  Rosita. 

Rosita  to  Canon  City. 

Canon  City  to  Colorado  Springs. 

From  La  Junta,  Colo.,  to  Pueblo  Post  Office,  Colo.— Atlas-sheet  No.  62. 


La  Junta,  Colo  ..~ 

Texas  Bend 

Rocky  Ford 

A  pish  pa  Creek 

Huerfano  River 

Old  Fort  Reynolds 

Fork  of  road  to  Pueblo  and  South 
Paeblo. 

Son t b  Pueblo,  lower  bridge 

Pueblo  Post  Office 


Distance  in  miles. 


a 

! 


& 


4.78 

6.76 

13.49 

19.19 

2.60 

12.27 

5.36 
0.60 


a 
a 

« 

a 

© 


4.78 
11.54 
25.03 
44.22 
46.82 
59.09 

64.45 
65.05 


2 

•8 

0 

a 

2 


65.05 
60.27 
53.51 
40.02 
20.83 
18.23 
5.96 

0.60 


Road  along  south  bank  of  Arkansas  River. 


© 


8*3 


9  SO 

(3 


< 


4,094 
4,169 


4,266 
4,324 


4,584 


Remarks. 


No  wood  or  grass  near  town. 
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From  Pueblo,  Colo,,  to  CaMon  and  Florissant. — Atlas-sheet  No.  62. 


Pneblo  Post-Offioe. 


Big  Turkey  Creek 

Beaver  Creek 

Ute  Creek 

Eight-mile  Creek 

OilCreek 

Cafion  City  Post  Offioe 

Forks  of  road,  (Pleasant  Valley) 

Currant  Creek,  (12-mile  ranch) 

Eighteen-mile  Ranch,  forks  of  road 

to  Fair  Play. 

South  Fork  Wilson  Creek 

Divide  between  Wilson  and  High 

Creek. 

Crossing  High  Creek 

Settlement  on  west  fork  Oil  Creek  .. 

Down  west  fork  to  near  month 

Up  Oil  Creek  to  Summit,  Twin  Creek 

Pass. 
Florissant  Post  Offioe 


Distance  in  miles: 


H 

II 

& 


12.64 

8.86 
10.17 
1.46 
3.75 
3.05 
8.25 
3.90 
5.57 

5.13 
3.10 

3.60 
3.84 
4.50 
8.73 

4.50 


o 
2 

9 

a 


12.64 
20.90 
31.07 
32.53 
36.28 
39.33 
47.58 
51.48 
57.05 

62.18 
65.28 

69.08 
72.92  ! 
77.4-2 
86.15 

90.65 


90.65 

78.01 
69.75 
59.58 
58.12 
54,37 
51.32 
43.07 
39.17 
33.60 

28.47 
25.37 

21.57 

17.73 

13.23 

4.50 


1 


9 


9 

T3 

5 

3 


4,584 

4,947 
5,148 


5,241 
5,325 
6,271 
6,019 
7,161 

7,401 
8,439 

8,401 
8,259 
7.924 
8,790 

8,184 


Remarks. 


Grass  and  fnel  along  river- 
bottom. 


Good  grass,  fuel,  and  water. 
Vaiiev  fenced  in. 

Do. 
Good  grass  and  water. 

Good  grass,  water,  and  fuel. 


From  Flor%88ant,Colo.t  to  Fair  PlaytColo.,via  Tarryall  Creek. — Atlas-sheet  Nos.  62, 53,  and  52. 


Florissant  Post-Office.... 

South  Platte  Bridge 

McLaughlin's  ranch 

Duck  Lake 

Fork  of  road  to  Fair  Play 

Up  Rook  Creek  to  the  point  where 
the  road  leaves  the  creek. 

Confluence  Michigan  and  Jefferson 
Creek. 

Tarryall  River  bridge  below  Hamil- 
ton, (by  the  shortest  trail.) 

Summit  road 

Fair  Play  Post  Office 


Distance  in  miles. 


n 


4.97 

7.47 

15.23 

7.90 
3.67 

4.90 

5.16 

7.26 
4.24 


•c 

o 


a 

2 


4.97 
12.44 

27.67 
35. 57 
39.24 

44.14 

49.30 

56.56 
60.60 


£ 


a 

2 


60.80 
55.83 
48.36 

33.13 
25. 2  i 
21.56 

16.66 

11.50 

4.24 


9 
> 

1 

a* 

•  £ 

a 

2 


8,184 
7,978 
8,226 

8,807 
9,035 
9,239 

9,298 

9,713 


9 
9,929 


Remarks. 


Camp.     Grass,    wood,    and 
watpr. 
Do. 


,713  ;   > 
.  958  I  j 


No  wood  near  road. 


Wood  scarce,  grass  medium, 
w  ater  good.  Hay  and  grain 
for  sale  in  town. 


The  above  road  is  not  the  shortest  road  between  Florissant  and  Fair  Play.    The  8  tape -road  leaves  it 
near  the  South  Platte  bridge. 
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From  Fair  Play,  Colo.,  to  South  Arkansas  Post  Office.— Atlas-sheet  Nos.  52  and  61. 


Fair  Play  Post  Office 

Four-mi le  Creek 

Ranch  on  Dry  Creek 

Sonth  Fork  South  Platte  River 

Buffalo  Springs 

Salt-Works 

Divide  between  Platte  and  Arkansas 

Rivers. 

Riverside  Poet  Office 

Springs,  Trout  Creek 

Fork  of  roads  up  aud  down  Arkansas 

River. 

Arkansas  Bridge 

Chalk  Creek 

Centreville  Post  Office 

Brown's  Creek 

Three-mile  Creek 

Squan  Creek 

South  Arkansas  Post  Office 


Distance  in  miles. 


u 

H 

8 
ft 


a.  77 

5.55 
2.65 
4.41 
4.16 

3.47 

2.14 
2.18 
8.18 

3.15 
3.16 
2-38 
1.40 
2.29 
5.70 
5.48 


a* 

a 

i 


3.77 

9.32 

11.97 

16.38 

20.54 

24.01 

26.15 
98.33 
36.51 

39.66 
41.82 
44.20 
45.60 
47.89 
53.59 
59.07 


5  • 

Is 


59.07 
55.30 
49.75 
47.10 
42.69 
38.53 

35.06 

32.92 
30.74 
22.56 

19.41 
17.25 
14.87 
13.47 
11.18 
5.48 


© 


«8£ 

© 

1 


9,928 
9,670 
9,317 
9,161 
8,952 
8,969 

9,464 

9,144 
8,963 
7,937 

7,741 
7,729 
7,690 
7,828 
7,926 
7,279 
7,383 


Remarks. 


Camp.    Grass  and  water,  but 
no  wood.    Hill  moderate. 


Good  bridge. 

>  Grass  and  wood  scarce. 

Wood  and  water  good.   Poor 
grass. 


From  South  Arkansas  Post  Office  to  Mosca  Creek,  fork  of  roads. — Atlas-sheet  No.  61. 


Sonth  Arkanaas  Post-Office 

Toll-gate 

Summit  Pnncho  Pass 

Round  Mountain  Ranch  PostOffice. 

Hall's,  Kerber  Creek 

Bismarck  PostOffice 

Major  Creek 

Wild  Cherry  Creek 

Rito  Alto  Post  Office 

8an  Irabel  PostOffice 

Crestones  Creek 

Willow  Creek 

Cottonwood  Creek 

Deadman  Creek 

Sandhill  Creek,  (old  Star  ranch) 

Spring  Creek 

Mosca  Creek 


Distance  in  miles. 


h 

2  & 

s  © 


3.42 
4.63 
2.67 
11.81 
8.10 
2.46 
3.24 
2.08 
3.74 
3.12 
2.75 
2.00 
2.30 
9.60 
1.55 
1.64 


^8 


3.42 

8.05 
10.72 
22.  53 
30.63 
33.09 
36.33 
38.41 
42.  15 
45.27 
48.  02 
50.02 
52.32 
61.92 
63.47 
65.11 


65.11 
61.69 
57.06 
54.39 
42.58 
34.48 
32.02 
28.78 
26.70 
22.96 
19.84 
17.09 
15.OT 
12.79 
3.19 
1.64 


© 

I 


© 


©  • 

B 

33 


7,383 
8,216 
8,945 
8,  732 
7,900 
7,736 
7,686 
7,431 
7,484 
7,537 
7,517 


7,566 


7,587 
7,560 
7,549 


Remarks. 


>Puncho  Pass. 


Gra» s  poor  and  wood  scarce 
near  road ;  better  grass 
and  wood  in  abundance 
found  in  the  foot-hills  of 
Sangre  de  Oris  to  Range. 


Road  very  sandy. 


Road  through  Puncho  Pass  is  kept  in  good  condition. 
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From  Mosca  Creek  to  Rosita,  Colo. — Atlas-sheets  No.  61  and  62. 


Mosca  Creek,  fork  of  roads 

Ranch,  western  entrance  to  Mosca 
Pass. 

Sum  mi  t  Mosca  Pass 

Fork  of  roads  to  Gardner's .'. 

Intersection,  creek  and  cross-road. . . 

Muddy  River,  fork's  of  road 

Divide  between  Arkansas  and  Huer- 
fano Rivers. 

Forks  of  road  to  Colfax 

Forks,  U-la  road 

Rosita  and  U-la  road 

Rosita 


Distance  in  miles. 


o  a 

a 

©  >• 


& 


7.73 

a  22 
5.13 
6.90 
2.53 
4.43 

4.83 
2.64 
2.76 
2.86 


7.73 

10.95 
16.08 
22.98 
25.50 
29.93 

34.75 
37.  39 
40.15 
43.01 


4 

a 

2 


43.01 
35.28 

3206 
26.93 
20.03 
17.51 
13.08 

8.26 
5.62 
2.86 


© 

I 


O 


© 

B 
5 


7,549 
8,172 

9,787 
8.605 
7,977 
7,916 
8,428 

8,223 

8,174 
8,327 
8,717 


Remarks. 


Camp.  Grass  poor ;  wood  and 

water  good. 
Road  good  through  pass. 


Good  wood,  grass,  and  water 
near  town ;  hay  and  grain 
for  sale. 


This  is  the  old  road  from  Mosca  Pass  to  Rosita,  and  is  now  practicable  only  for  lightly-loaded  wagons 


From  Rosita,  Colo.,  to  Cation  City,  Colo. — Atlas-sheet  No.  62. 


Rosita 

Oak  Creek,  (blacksmith-shop) 

York  villo 

Point  where  road  leaves  Oak  Creek. . 

Summit  road 

Forks  of  road,  Cation  City  and  Labran 

Crossing  Milk  Creek 

Arkansas  River  bridge 

Canon  City  Post  Office 


Distance  in  miles. 

Altitude  in  feet  above 
sea-leveL 

Between  consecu- 
tive points. 

4 

I 

a 

S 

* 

ft 
O 

a 

© 

« 

a 

i 

13.56 
2,51 
5.11 
0.91 
0.44 
3.27 
4.45 
0.51 

13.56 
16.07 
21.18 
23.09 
23.53 
35.80 
30.35 
30.76 

30.76 
17.30 
14.69 
9.58 
8.67 
8.33 
4.96 
0.51 

8,717 
7,987 
7,727 
6,105 
6,839 
6,678 
5,939 
5,302 
5,335 

Remarks. 


Post  Office. 


This  is  the  stage-road  between  Cafion  City  and  Rosita.    Grades  are  easy  and  road  in  good  condition. 
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From  Canon  City,  Colo.,  to  Colorado  Springs. — Atlas-sheet  No.  62. 


Distance  in  miles. 

• 

3 

• 

J? 

o 

2  so 

eS 

1*     . 

ween  cot 
tive  poiu 

a 
o 

•a 

o 

a 

m  Colo 
Springs 

** 

o              o 

© 

2           *« 

pa 

__  _    _. 

&H 

Canon  City  Post  Office 

Railroad-crossing 

Oil  Creek 

Eight-mile  Creek 

TJte  Creek 

Beaver  Creek  Crossing 

Fork  Big  Turkey  Creek 

Big  Tnrkey  Creek. 

West  Fork  Little  Fountain  Creek . . . 

Confluence,  east  and  west  forks 

Bend  of  road 

Railroad-en  »ssing 

Colorado  Springs,  center  of  town 


2.24 

0.81 
4.48 
2.14 
6.61 

9.33 
2.50 
2.61 
1.13 
2.21 
10  :*9 
0.94 


2.24 

3.05 

7.53 

9.67 

16.23 

23.61 
2.".ll 

30.  72 

31.  85 
34.06 
44.  45 
45.39 


45.39 

43.15 
42.  34 
37.  86 
35.  72 
29.11 


19.78 
17.28 
14.67 
13.  54 

11.3: 


0.9' 


i 


© 

I 

© 

a 


© 

3 


5,325 


5,241 
5,540 

5,930' 

6,480 
6,  519 
6,  lfO 
6,109 
6,000 
5,  875 
5,916 


Remarks. 


Corrals  in  town  ;  no  wood  or 
grass  near  town. 


No  bridge. 


Camp.    Grass  scarce ;  wood 
ana  water  in  abundance. 


Animals  in  corrals ;  grain  and 
teed  purchased. 


This  is  not  the  usually- traveled  road  between  Canon  City  aud  Colorado  Springs;  it  is  called  the 
"ah  >rt  cut.''  but  is  impracticable  for  heavily-loaded  wagons  bstweeu  Baaver  Creek  Crossing  and  Big 
Turkey  Creek. 


LIST  OF  ROAD-DISTANCES   BETWEEN  PROMINENT   POINTS,  MEANDERED   BY   PARTY  NO.  2 

COLORADO  SECTION,   1376. 

Trinidad  to  Santa  Fe\ 

Fort  Lyon  to  Trinidad. 

Santa  re*  to  Tejique. 

Socorro  to  Las  Lunas. 

Valencia  to  Socorro. 

Socorro  to  Fort  Craig. 

Socorro  to  Guinisa. 

Ojo  de  las  Casas  to  Las  Lunas. 

Pedernal  to  Manzano. 

Tejiqne  to  Pedernal. 

Pedernal  to  Anton  Chico. 

Antelope  Spring  to  Los  Pesos. 

Tangoes  de  Juan  Lojair  to  Cienega  de  Tula. 

Anton  Chico  to  Fort  Lyon. 
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From  Trinidad,  Colo,,  to  Santa  F4,  N.  Mex.,  via  Long's  Canon  and  Taos  Pass. — Atlas-sheds 

-    70A,  IOC,  and  69Z). 


Trinidad 

Junctions  Long's  Creek  and  Purgatory . 
Long's  Cafion  Pass 


Vermejo  Creek,  Cameron's . . 

Van  Brummer  Park 

Ponil  Creek , 

Sooth  Fork  Ponil  Creek 

Ponil  Pass 

Elizabethtown 

Six-mile  Creek , 

Kennedy's  Ranch 

Taos  Pass 


Month  of  Fernandez  Creek 

Ranchos  de  Taos 

Junction  with  Government  road. 
Cineguilla 


Plaza  del  Alcalde. 


Pneblo  de  San  Juan 

Santa  Cruz 

Pojoaque 

Cuyamunque 

Teeuque  

Santa  Fe 


Distance  in  miles. 


a 


6.54 
31.51 

18.34 
13.66 
6.00 
7.05 
6.99 
4.33 
7.25 
7.71 
2.06 

14.43 
4.07 
5.34 

8.28 

23.30 

2.94 
4.22 
7.27 
27.24 
5.096 
9.348 


45 

a 


a 


6.54 
28.05 

46.39 
60.05 
66.05 
73.10 
80.09 
84.42 
91.67 
99.38 
101. 44 

115.87 
119.94 
125. 28 
133.56 

156. 86 

159.  80 
164.  02 
171.29 
174.  01 
179. 11 
188.46 


3 

B 
CB 

a 

o 


18a  46 
181.92 
160.41 

142.07 

128.  41 

122.41 

115.36 

108.37 

104.04 

96.79 

89.08 

87.02 

72.59 
68.52 
63.18 
54.90 

3L60 

28.66 
24.44 
17.17 
14.45 
9.35 


© 

I 

$  « 
© 


© 

a 

<*» 


8,402 

7,133 
8,557 


8,332 

9,848 

ft     •       «      •     •     •     • 

8,450 


9,282 


6,011 
5,756 
5,870 


Remarks. 


Town;  Government  agency. 

Ranches. 

Good     grazing;    water    in 

spring  below  summit. 
Ranches. 

Lakes;  fair  grazing. 
Good  grazing. 
Poor  grazing. 
Good  grazing. 
Mining  town. 
Good  grazing ;  ranohes. 
Deserted ;  wood, water,  grass. 
Wood,  water,  grass,  below 

summit. 
Poor  grazing. 
Mexican  town ;  forage. 

Mexican   town ;    wood    and 

water. 
Government  agency;  Mexi- 
can town. 
Government  agency. 

Do. 

Do. 
Mexican  town. 
Indian  pueblo. 
Military  post ;  large  town. 


The  road  is  practicable  for  wagons.    Descending  to  Vermejo  Creek  there  is  a  steep  hill  for  half  a 
mile. 


From  Fort  Lyon,  Colo.,  to  Trinidad,  Colo. — Atlas-sheets  Nos.  62  CD  and  70 A. 


Fort  Lyon 

Purgatory  River. . . 
Went  Las  Animas. 

Sizer's  Ranch 

Alkalis  Station.... 

Vogel'sCafion 

Bent's  Canon 

Lock  wood's  Ranch 
Hogback 

Chicoso  Creek 

ElMoro 

Trinidad,  Colo 


Distance  in  miles. 


a 
o 

a 
o 

|> 
*'2 


& 


3.414 

2.090 

6.447 

11.981 

10.230 

15.  613 
13.  482 
16. 773 

14.619 

10. 246 

5.145 


§ 

t 
o 

a 


ft.  494 
11.941 
23.922 

34. 152 

49.  7G5 
63. 24? 
80.020 

94.639 

104.885 

110.030 


18.428 

28.658 

44.271 
57.  753 
74.  526 

89.145 

99.391 

104. 536 


i 

I? 

© 

©  Z 

3 


3,938 


4,040 
4,040 
4, 136 

4,205 

4,696 
4,997 
5,423 

5,840 


Remarks. 


Government  post. 
Poor  grazing. 
Town;  railroad. 
Government  agency. 
Deserted ;  poor  water  ;  little 

wood. 
Deserted;  poor  water;   poor 

grazing. 
Do. 
Do. 
No  wood;  little   water  and 

grass. 
Ranches;  grazing  generally 

eaten  up. 
Denver  and  Rio  Grande  Rail* 

road. 
Town;  forage;  Government 

agency. 


Country  generally  worthless.    River-bottom  cultivated ;  water  elsewhere  scarce  and  alkaline.    Bluffs 
wooded  with  pifion  and  cedar.    Grazing  good,  but  usually  closely  eaten. 
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From  Santa  Ft,  N.  Mex.,  to  Tijeras,  N.  Mex. — Atlas-sheet  Xo.  77  B  and  D. 


Santa  Fe,  N.  Mex 

Forks  of  road :... 

San  Marcos  Spring 

Gallsteo  Creek 

Old  Placer 

Fork  road  a 

New  Placer 

Fork  roads 

San  Pedro 

San  Antonito 

Canoncito 

San  Antonio 

Ttferaa 


Distance  in  miles. 


I 


g  — 

P  & 

k~« 


& 


9.590 
8.951 

3.003 

6.193 

6.339 

2.906 

1.553 
7.384 
3.759 
3.028 
2.541 
2.105 


a 
& 

a 

o 


18.541 

21,544 

27.739 

34.078 

36.984 

3a  537 
45.921 
49.680 
52.708 
55.249 
57.354 


2 

s 
s 


57.35 
47.75 
38.80 

35.80 

29.60 

23.27 

20.36 

18.81 

11.43 

7.67 

4.64 

2.10 


© 

> 


S  © 


© 

s 


«« 


6,056 


6,667 


Remarks. 


Town ;  Government  post. 

Good   water;     little   wood; 

good  grass. 
Good  water;   wood  plenty; 

f;ood  grass, 
ning  town ;  little  of  any- 
thing. 
Good  grazing  and  wood;  no 

water. 
Mining    town;     wood    and 

water. 
Good  grazing. 
Deserted. 
Mexican  town. 
Do. 
Do. 
Do. 


Grazing  in  general,  good ;  wood,  cedar  and  pinon,  abundant ;  water,  scarce. 

From  Socorro,  N.  Mex.,  northwest  bank  Rio  Grande,  to  Las  Luna 8. 


Socorro 

Eacondida 

Limitar 

Palvadera 

Alamillo , 

San  Geronimo 

San  Carlos , 

Rio  Puerco 

Sabinal  Agency ... 

Pneblito 

Sabinal 

Kancbitos 

Bosque 

Pueblitoa  de  Belen 

Belen , 

Ranchitos  de  Belen 

Los  Cbarez 

LasLnnas 


Distanoe  in  miles. 


o  o 

a  » 
$© 


4.96 
4.23 
2.25 
3.42 

7.27 
1.61 
2.42 
3.83 

2.14 
1.07 
2.32 
3.05 
3.50 

3.69 
1.71 
3.65 
5.76 


o 


a 

o 


4.96 

9.19 

11.44 

14.86 

22.13 
23.74 
26.  16 
29.99 

32.13 
33.20 
35.52 
3a  57 
42.07 

45.76 
47.47 
51.12 
56.88 


a 

a 
a 

a 

a 

o 


© 
> 


© 

© 


© 

9 


56.88 

4,659 

51.92 
47  69 
45.44 
42.02 

4,693 

34.75 
33.14 
30.72 
26.89 

4,757 

24.75 
23.68 
21.36 
18.31 
14.81 

11.12 
9.41 
5.76 

4,890 
4,921 

Remarks. 


Mexican  town, 

agency. 
Mexican  town. 
Do. 
Do. 
Mexican  town, 

agency. 
Mexican  town. 

Do. 
Water. 
Mexican  town, 

agency. 
Mexican  town. 
Do. 
Do. 
Do. 
Mexican  town, 
agency. 
Do. 
Mexican  town. 

Do. 
Mexican  town, 
agency. 


Government 


Government 


Government 


Government 


Government 
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From  Valencia,  N.  Mex.,  northeast  bank  Rio  Grande,  to  Socorro,  K,  Mex. — Atlas-sheet  No.  77 D. 


Distance  in  miles. 


Valencia 

Tome 

Ranchltos  de  Tome. . 

Constancia 

Casa  Colorado 

Yellita , 

Chihuahua 

LasNuetrias , 

Ranchos 

La  Joya , 

La  Joyita 

Sabina 

Pueblito  de  la  Parida 

La  Parida 

Socorro 


a 
© 

*    SB 

a  5 
©.2 

aft 
S* 
*3 


& 


5.98 
1.15 
3.57 
8.26 
4.80 
1.81 
1.15 
7.19 
3.15 
6.54 
7.05 
4.99 
1.70 
4.21 


© 

a 

© 

I 


6.43 
10.00 
18.26 
23.06 
94.87 
96.02 
33.14 
36.99 
42.83 
49.88 
54.87 
56.57 
60.78 


© 

I 

6 


60.78 
45.50 
54.35 
50.78 
42.  52 
37.  72 
35.  91 
34.76 
97.64 
94.49 
17.95 
10.90 
5.91 
4.91 


© 
> 

*»  . 
©— * 
©  9 

© 

-1 

©  2 

a 

5 


4,659 


Remarks. 


Mexican  town. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
•Do. 

Do. 

Do. 
Deserted. 
Ranch. 

Town,  Mexican. 
Town. 


Rio  Grande  Valley:  arable;  generally  entirely  taken  op  with  ranches.    No  Government  agencies  on 
eaat  bank. 


From  Socorro,  X.  Mex.,  to  Fort  Craig. — Atlas-sheets  Xos.  77 D  and  84 A. 


Socorro 

San  Jose 

San  Antonio 

San  Marcial 

From  Fort  Craig  to  Bosquecito 

Fort  Craig 

Con  tradero 

La  Mesa 

Valverde 

Bosquecito 


Distance  in  miles. 


i 


-  * 

©  O 

£-3 


5.562 

5.937 

19.  742 


4.098 
1.000 
4.995 
9.360 
91. 651 


11.  499 
31.941 


35.339 
36.339 
40.634 
49.994 
64.645 


6fi 


a 


© 

i 

it 

© 
C 1 

©  a 

a 

a 
3 


Remarks. 


64.64 

4,659 

59.08 
53.14 
33.40 

99.30 
98.30 
94.01 
91.65 

4,619 

Mexican  town,  Government 
agency. 
Do. 
Do. 
Do. 


Government  post 
Mexican  town. 

Do. 

Do. 

Do. 


No  wood  near  the  river.    Grazing  fair.    Little  iahalited. 
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From  Socorro j  N.  Mex.,  to  Ojo  de  la  Quinsa. — Atlas-sheets  Nos.  77 D  and  77 C. 


Socorro 

Ojo  de  la  Culebra. 


Cafion  del  Agua 

Junction  road  from  Socorro. 

Janet  ion  road  from  Socorro. 

Main  fork  roads 

Ojode  la  Quinsa 


Distance  in  miles. 

i 

0 

s 

8^ 

© 

S3 

81 

o 
© 

©  a 

8g 

1 

-O1 

*5 

a 

a 

2 

11. 198 

3R  88 
27.68 

8.480 

19.678 

19.20 

6.559 

36.237 

12.64 

3.309 
1.834 
7.494 

29.54 

9.33 

31.38 

3a  88 

7.49 

© 

08 

fi-t 

O   OD 

S 

•-3 

5 


Remarks. 


4,659 
5,707 

6,833 


5,673 


Mexican  town. 

Spring,  ranch,  wood,  water, 
and  grass. 

Wood,  water,  and  grass  abun- 
dant 

Partially  over;  no  marked 
trail. 


Ranch,  spring,  no  wood,  poor 
grazing. 


From  Ojo  de  las  Casas,  N.  Mex.,  to  Las  Lunas. — Atlas-sheet  No,  77 D. 


Rio  de  la  Casa. 


OJuelo* « 

Junction  road  to  Cafion  OjiCo... 
Crossing  road  from  Hell  Cafion. 
Crossing  road  from  Hell  Cafion. 

Peralta 

Valencia 

Las  Lunas 


Distance  in  miles. 


8| 

*5 


5.610 
4.864 
.927 
2.  .169 
3.626 
2.082 
1.980 


3 

© 

O  I 

a 


10.  474 
11.401 
13.770 
17.396 
19.  478 
21.464 


s 
8 
|J 

3 

a 


© 

i 

08 

•*»    . 
S  © 

9 

•2*3 
«  S 

0 


1 

"5 

21.47 

6,243 

15.86 

11.00 

10.07 

7.69 

4.07 

1.99 

4,921 

Remarks. 


Spring;  wood,  and  fine  graz- 

ing. 
Ranch ;  no  wood ;  grazing. 

To  Las  Lunas. 

Mexican  town. 

Do. 
Mexican  town,  Government 
agency. 


From  Pedernal  Water-hole  to  Manzano,  Neio  Mex. — Atlas-sheet  No.  77 D. 


Pedernal  Water-hole 


Junction  road  to  Estancia .... 

Fork  road  to  Los  Posos 

Los  Cafionoitos 

Junction  road  from  Los  Posos 

Fork  to  Mestefiito , 

Laguna  de  Sol 

Fork  of  roads 

Junction  road  from  Pedernal . 


Ojo  de  Estaficia 

Junction  road  to  Mestefiito. 
Crossing  road  to  Manzano.. 

Punta  del  Agua 

Manzano 


Distance  in  miles. 


1 


S 

©  • 
©  > 


& 


1.000 

7.806 
12.098 
1.775 
1.349 
4.644 
4.989 
5.426 
3.343 

3.126 

11.  862 

2.173 

5.071 


•Si 

eg 


I 


8.806 
20.904 
22.679 
24.028 
28.674 
33.663 
39.  089 
42.  432 

45.559 
57.  420 
59. 593 
64. 664 


a 

a 


64.66 

63.66 
55.85 
43.75 
41.98 
40.63 
35.99 
31.00 
25.57 
22.23 

19.10 
7.24 
5.07 


• 

11 


0 

■a 
5 


Remarks. 


7,140 


6,041 


Spring  in  spur  of  peak  to 
south. 


Water-holes,  permanent. 
Salt  lake. 


6,177    Ranoh;  forage  and  grazing 
good. 


Mexican  town. 
Do. 
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From  Ttjique,  N.  Mex.t  to  Pedernal  Water-hole, — Atlas-sheet  No.  77D. 


Tejique 


Distance  in  miles. 


a 

8 


_o  de  Estanoia 

Cross-road  from  Antelope  Spring . . . 

Boad  from  Antelope  Spring ,  13  419 

Junction  road  from  Los  Posos f  l^k 

Pedernal  Water-hole 1,uuo 


17.794 
4.550 
6.857 


© 
5 


0 

o 
u 


82.344 
29.201 
42.620 
43.620 


©  e 

« 
P*^ 


43.62 
95.83 
21.28 
14.42 
1.00 


© 


a 


2 


5 


6,177 


7,140 


Remarks. 


Mexican  town. 
Ranch  spring. 


Spring  on  south  spnr  from 
peak. 


From  Pedernal  Water-hole  to  Anton  Chico. — Atlas-sheet  No.  69D  and  78A. 


Pedernal  Water-hole 


Albnquerque  road 

Las  Tanques  Empedrador. 

Canon  Blanco 

Anton  Chico 


o 

Distance  in  miles. 

> 

* 

% 

Between  consecu- 
tive points. 

From  Pedernal 
Water-hole. 

From     Anion 
Chico. 

Altitude  in  feet  i 
sea-level. 

11.78 

4a  90 

7,140 

6.74 
11.73 
18.65 

18.52 

37.12 

30.38 

30.25 
48.90 

18.65 

Remarks. 


Spring  on  south  spur  from 
peak. 

Water-holes,  net  permanent. 

Water-holes. 

Mexican  town. 


Grazing  excellent  everywhere ;  wood  occurs  on  highest  points,  but  usually  at  some  distance  from 
water.    Beyond  Pedernal,  wood  and  grass  abundant. 


From  Antelope  Spring  to  Los  Posos  del  Pino. 


Antelope  Spring 

Cross-road  from  Estanoia 

Laguna  de  Sal 

Tanqnes  de  las  Caminos 

Junction  main  road  to  Stanton 
Los  Posos  del  Pino 


Distance  in  miles. 


a 
S  a 

u 


& 


a  os 

7.85 
9.93 
9.25 
7.13 


© 

© 

f 


15.85 
95.78 
35.03 
42.16 


o 
a 


3s 

■3 

r 


42.16 
34.11 
26.31 
16.38 
7.13 


© 

► 

o 

•3 


©-5 
©  © 

©  $ 

5 


< 


6,221 


6,041 
'6,168 


Remarks. 


Ranoh,  Government  agency. 

Water-holes,  not  permanent. 
Ranch,  Government  agency. 
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From  Tanques  de  Juan  Lujan  to  Cienega  de  Tula. 


Tanqnes  de  J  nan  Lujan 

A  bo  Pueblo 

Pueblo  de  QnarA 

Punta  de  Aqua 

Mesfc'fiito 

Cienega  de  Tula 


Distance  in  miles. 

Altitude  in  feet  above 
sea-level. 

Between  consecu- 
tive pointa. 

From  Tanqnes  de 
Juan  Lujan. 

From  Cienega  de 
Tula. 

7.55 
12.93 

0.92 
11.55 

4.46 

30.48 
21.  40 
32.95 
37.41 

37.41 
39.86 
16.93 
16.01 
4.46 

6,268 

Remarks. 


From  La  Liendre.  N.  Mex.y  to  Fort  Lyon,  Colo. 


L*  Licndre  Church.-., 

Head  Canon  delAgua 

Camp  71 

Las  Vegas 

Los  A  la  ni  os 

Fort  Union 

Collier's  Ranch 

Las  Gallinas 

Apache  Spring 

Oca  to  Croek 

Rock  Ranch 

Chico  Spring 

Kiowa  Spring.  Taylor's  Ranch 

Camp  77  (ponds) 

Pinavete  Sprin  <j 

Walter's  Ranch 

Emery's 


Distance  in  milea. 


© 

SI 

o  9 
9  > 

3 


7.37 
2.34 

9.90 
11.30 
18.86 

5.6L 

6.61 
10.74 

9. 62 
11.67 
20.  HI 
13.00 

4.25 
11.91 

6.24 

4.69 


£ 

Q 
9 

1-3 

a 

a 

i 


7.37 

9.71 

19.61 

30.91 

49.77 

55.38 

61.99 

72.73 

82.35 

94.02 

114.  8: i 

127.83 

132.  08 

143.  99 

150.23 

154.  92 


a 
o 
>> 


154.92 
147.55 

145. 21 

135.  31 

124.  01 

105. 15 

99.54 

92.  93 

82.19 

72.  57 

60.90 

40.09 

27.  Oil 

22.84 

10.  93 

4.69 


3 


«s  > 


9 

a 


< 


6,353 
6,736 


6,789 
6,  715 


5,844 
6,  8*2 
7,226 
7,036 


6,080 


Remarks. 


Mexicsn  town 

Water-holes  and  springs ;  de- 
serted houses. 

Water-holes. 

Town ;  Government  agency*. 

Town,  Mexican  ;  forage. 

Post. 

Spring,  private. 

Mexican  town. 

No  wood. 
Do. 

Government  agency. 
Do. 

Spring ;  no  wood. 

\\  ater  slightly  brackish. 

Wood  abundant. 

Head  Dry  Cimarron  Cafion. 

Government   agency ;   Dry 
Cimarron. 


From  Anton  Chico  to  Fort  Lyon,  Colo. 


Emery's  Ranch 

Toll-gate,  Metcalf  b. 
boundary  (nearly) . . 
Chaquaquo  Caflon . . 


Fork  road  s 

Pinavete  Spring 

('nrnp  head  Plum  Cafion 

Head  Smith's  Cafiou 

Camp  Smith's  Cation 

Pnrgatoire  Ranch,  Nine-mile  Bottom 

Alkali  Caf\on 

Sizer's  Ranch 

Fort  Lyon 


Distance  in  miles. 


5.5 

c  o* 


3.45 
5.38 
9.35 

12.  65 

2.56 
9.08 
4.33 

20.  27 
8.90 
7.92 

11.70 
9.6d 


o 

a 
o 

a 

< 

S 

S 


3.45 

7.83 
17.18 

29.83 
32.  39 
41.47 
45.88 
66.09 
74.99 
82.  H9 
94.59 
104. 27 


© 

•*» 

o 

S 

P 


103.27 

100.82 

95.44 

86.09 

7a  44 
70.88 
62.80 
58.47 
38.20 
29.30 
21.38 
9.68 


© 

► 

••a 

9 


9 

s 


3 


Remarks. 


6,080 


5,932 


5,754 
4,523 


4,035 
3,938 


Government  agency. 


Water-holes;  grazing;  little 
wood. 

Wood,  water,  and  zrass. 

Water-holes;  wood;  grazing. 

Water. 

Water;  little  grass  and  wood. 

Ranches. 

Stage  station,  deserted. 

Government  agency. 

Post 


78  E 
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LIST  OF  ROAD-DISTANCES  BETWEEN  PROMINENT  POINTS,  MEANDERED  BY  PARTY  NO.  1, 

CALIFORNIA  SECTION,   1876. 

Carson  to  Reno. 

Reno  to  Beckwith'a  Store. 

Reno  to  Milford. 

Reuo  to  Truckee. 

Reno  to  Milton. 

Truckee  to  Sierra ville. 

From  Carson,  Wev.t  to  Reno,  Nev. — Atlas-sheet  No.  47 d. 


Carson 

Franktown 

Washoe  City 

Steamboat  Springs 

Hoffakers 

Reno 


Distance  in  miles. 


|3 

§.9 
o  o 

0* 

9  o 

«  >. 

*3 


£ 


10.080 
4.971 
5.501 
4.7C6 
6.707 


§ 

CB 

Q 
S 

8 


0.000 
10.  080 
15. 051 
20.552 
25.258 
31. 965 


o 
a 

© 

a 


31.065 

21.  885 

16.814 

11.413 

6.707 

0.000 


© 

© 
jo 

09 


©~ 

©  « 


© 

0 


3 


^ 


Remarks. 


State-bonse. 
Railroad  station. 

Do. 

Do. 

Do. 
Crossing  C.  V.  R.  R. 


From  Reno,  Xev.,  to  Beckicith's  Store,  Cat. 


Reno 

Peavine  Ranch.. 
Jnnotion  House  . 

Summit 

Beckwith's  Store 


Distance  in  miles. 


0 

II 

a* 

©  9 

?  > 


£ 


10. 741 

14.  04S 

3.610 

14.222 


© 

0 
© 

a 

8 


o.ooo 

10. 741 
24.789 
28.  399 
42.621 


a 


42.  621 
3t.8f0 
17.  832 
14.222 
0.000 


®  © 
© 


a 


< 


Remarks. 


Post-Office,  Sierra  Valley. 
Do. 


From  Reno,  Nev.,  to  Milford,  Cat. 


Reno 

Junction  House 
Willow  Ranch.. 
Milford 


Distance  in  miles. 

© 

z 

ee 

© 
o-r 

•0 
0 
** 

Between  consecu- 
tive points. 

• 

o 
o 
• 

a 

© 

• 

| 

••* 

3 

a 

8 

cm 

24.789 
21.  619 
17. 817 

0.000 
24.789 
46.  408 
64.225 

64.225 

39.  436 

17.817 

0.000 

Remarks. 
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From  Reno,  Net.,  to  Trucked  Cah^Atl^te-eheel  ^To.  47  <f. 


— .  —  -  -  ^^^^*  +*■  —  -—   -  — 

Reno 

Crystal  Peak 

Porks  of  Henness  Pass  Road . . . 

Virginia  House 

Prosser  Creek 

Trackee 


Distance  in  miles. 


u 

H 

£  > 
•♦»■** 

9 

n 


18.705 
5.896 
4.580 
4.474 
4.056 


I 


0.000 
12.705 
18.555 
23.135 
37.609 
31.6K5 


I 


3k  665 

18.960 

13.110 

8.530 

4.056 

0.000 


V 

I 


Z  9 

9 

a  ' 


9 

a 


« 


I 


Remarks. 


Village, 
Stage  station. 


From  Reno,  Net.,  to  Milton,  Cat. 


Distance  in  miles. 


Reno 

Forks  of  Henness  Pass  Road 

Webbei  Lake 

Milton 


0 

9 

%  «D 

9 


& 


ia555 
18.626 
H.825 


I 

2 


I 


G 


0.000 

49.006 

1&555 

30.451 

37. 181 

11.  805 

49.066 

6.000 

% 
% 


9 
•p*   of 

9  • 

0 


Remarks. 


From  Truckee,  Cat,  to  Sierraville,  Cal. 


Trackee 

Prosser  Creek 
Cory's  Ranch . 
Sierra  ville 


Distance  in  miles. 


II 


& 


4.056 
11.413 
10.671 


s 


a 


0.000 

4.056 

15.  469 

26.140 


9 

a 

i 

9 

£ 


26.140 

22.084 

10.671 

a  000 


9 
> 

& 

A 
■**     . 

8*3 

<s  > 

9 

9  2 

a 


Remarks. 


M8T  OP    ROAD- DISTANCES  BETWEEN    PROMINENT  POINTS,  MRANDEREB    «Y  *»ARTY  NO. 

2,  CALIFORNIA  SECTION,   1876. 

Carson  to  Dayton. 

Carson  to  Steamboat  Springs. 

Carson  to  Warm  Springs. 

Mc&inney's  to  Trackee. 

Virginia  City  to  Dayton. 

Virginia  City  to  Carson. 

Virginia  City  to  Steamboat  Springs. 

Carson  City  to  Rowlands. 

Rowland's  te  Genoa. 
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From  Carson,  Ken.,  to  Dayton,  Ner.— Atlas-sheet  No.  47  D. 


Carson 


Emphe 

Half-wav  House. 
Mound  Mouse . . . 


Dayton 


Distance  In  mtles. 

9 

> 

i 

■ 

0 

01 

9 

S>"3 

9  • 
9  > 

• 

0 

s 

• 

J 

0 

Remarks. 

*3 

a 

a 

2 

i 

1 

*-3 

< 

- 

3  70 

11.85 

At  the  capital. 

2.55 
0.55 
5.05 

3.70 

8.15 

6.25 

5.60 

. 

6.80 

5.05 

i 

Virginia  and  Truck ee  Rail 
road. 

11.85 

At  the  post-office. 

Carson,  Xev.t  to  Steamboat  Springs,  (via  east  side  Washoe  Lake.) 


Carson 

Lake  View 
Washoe.... 


Steamboat  Springs 


Distance  in  miles. 

Altitude  in  feet  above 
sea-level. 

Between  consecu- 
tive points. 

• 

a 
o 

• 

O 

B 
2 

From    Steamboat 
Springs. 

4,17 
10.15 

4.17 
14. 32 

19.91 

19.91 

,    15.74 

5.59 

Remarks. 


At  the  capital. 

East  side  of  lake  from  Lake 
View  to  Washoe. 

Virginia  and  Truckee  Rail- 
road. 


Carson  to  Warm  Springs. 


Carson 

Warm  Springs 


Distance  in  miles. 

Altitude  in  feet  above 
sea-lorel. 

Between  consecu- 
tive points. 

a 

i 

• 

P. 
OQ 

e 

CS 

a 

:       1 

1.71 

Remarks. 


At  the  capital. 
State-prison. 
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From  Mc Kinney' s,  Lake  Tahoe,  Cdl*,  to  Truckee,  Cal. 


McKinney  's 

Blackwood  Creek . . 
Sax  ton's  Saw-Mill. 

Tahoe  City 

Claravillo 

Knoxville 

Trackee 


Distance  in  miles. 

• 
> 

1 

9 
o  S 

•o 

o 
•*» 

5 

Between  consecn- 
tive  points. 

9 

3 

s 
I 

i 
1 

3.48 
3.30 
2.29 
5.56 
4.74 

4.93 

3.48 

6.78 

9.07 

14.63 

19.37 

24.30 

24.30 
20.82 
17.52 
15.23 
9.67 
4.93 

Remarks. 


North  of  Sugar  Pine  Point 


At  hotel. 

Deserted  mining-camp. 
Toll-house,  Truckee  and  Ta- 
hoe tnrnpike  road. 
Central  Paciflo  Railroad. 


From  Virginia  City,  Nev.t  to  Dayton,  Net.— Atlas- sheet  No.  47D, 


Virginia  City 

Silver  City 

Johntown 

Gold  Canon  Toll- House 
Dayton 


Distance  in  miles. 

| 

t 

kt 

w 

a 

Z? 

■*»   . 

n  coneec 
points. 

o 

a 

• 

a 

o 

n  fee 
■level 

Remarks. 

£ 

o  2 

i* 

t> 

Q 

S3 

is 
& 

a 

I 

5 

3.74 
1.72 
1.37 
0.68 

7.51 

At  the  International  HoteL 

3.74 

3.77 

At  the  flag-staff. 

5.46 

2.05 

6.83 
7.51 

0.68 

At  the  post-office. 

From  Virginia  City,Nev.,  to  Carson,  Nev. — Atlae-sheet  No.  A7D. 


Virginia  City 

Toll-House,  American  Flat 
Carson 


Distance  in  miles. 


© 


3.74 
10.73 


3 
I 


3.74 
14.47 


a 


14.47 
10.73 


© 

i 

m 


J>  ® 

o 


© 

0 

■** 


Remarks. 


At  the  International  HoteL 
At  the  capital. 
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From  Virginia  City,  Nev.,  to  Steamboat  Spring*,  Nev. — Ailas-sheet  AID. 


Virginia  City 

Toll-House 

Five-Mile  House.. 
Magnolia  House... 
Steamboat  Springs 


Distance  is  miles. 


0 

J* 


2.51 
3.17 
3.29 
2.25 


2.51 

5.68 

8.90 

1L15 


11.15 

a  64 

5.47 
2.25 
0.00 


> 

I 

0' 


i 


At  International  Ho^el. 
On  Geiger  grade. 

Do. 
Foot  of  Geigergrade. 
Virginia  and  Truckee  Ball- 
road. 


From  Carson  CUyr Xe+.,  to  Eowlaad>8>  Cal—Atlas-skerts  No*.  AID  and  56J&. 


Carton 

Swift's  Station  ... 

Summit  Camp 

Spooner's 

Glen  brook 

CaveRoek 

Zephyr  Cove 

Smalls  Station-... 
Kearney's  Station 
Rowland's 


Distance  in  miles. 

• 
> 

1 

8*3 

9  CD 

0 
•*» 

53 

< 

■  i 

:    U 

u 

•H 

a 

a 

1 

■ 

a 

1 

9.41 
2.55 
0.85 
2.39- 
3.32 
2.33 
4.15, 
0.90 
2.59 

9.41 
1L96 
12.81 
15.20 
18.52 
20.85 
25.00 
25.90 
28.49 

28.49 

19.08 

16.53 

15.68 

13.29 

9.97 

7.64 

3.49 

2.59 

4,665 

Remarks. 


At  the  oapitol. 

On  King's  Canon  read. 


From  Rowland' &,  Cal,  to  Genoa,  Nev.,  (via  Kintgbury  grade.) — Atla»sheet  56J?. 


Distance  in  miles. 


0 

a 

•H 

I* 

15 

3 


Rowland's 

Small's  Station 

Summit  Kingsbury  grade 

Haines's 

Genoa  Hot  Springs 

Genoa 


3.48 
3.22 
5.04 
1.14 

1.88 


a 


3.48 

6.70 

11.74 

12.88 

14.76 


14.76 
11.28 

a  06 
3.02 

1.88 


* 

9 
e   ' 


a 


Remarks. 
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LIST  OP    ROAD-DISTAXCBS  BETWEEN  PROMINENT    POINTS,    MEANDERKD  DY  PARTY  NO. 

4,  CALIFORNIA  SECTION,   1876. 

Carson,  Nov.,  to  Austin,  Nev.,  roates  Nos.  lf  2,  and  3. 

Mound  House,  V.  &  T.  R.  R.,  to  Dead  Horse  Well. 

Wadsworth,  C.  P.  R.  R.,  to  Mason  Valley. 

Wadsworth,  C.  P.  R.  R.,  to  Dead- Horse  Well. 

Wadsworth,  C.  P.  R.  R.,  to  Lodi  Mining  District. 

Wadsworth,  C.  P.  R.  R.y  to  Elsworth  and  lone. 

Austin,  Nevada,  to  Elsworth,  Nev.,  via  Lower  Reese  River  Valley. 

Austin  to  Elswortb,  via  lone,  Nev. 

Austin  to  Schuiidtlein's,  Kingston  Carton, 

Dead-Horse  Well  to  Elsworth,  via  Old  Wellington  Road. 

ROUTE  No.  l. 
From  Carson  City,  Nev.,  to  Austin,  Nev. — Atlas-sheets  Nos.  AID  and  48  C  $  D. 


Carson  ... 
Empire. 


Mound  House 


Dayton 

Cooney's 

Carson  River. 


Rag  town.... 
Saint  Clair's. 


School*  house  

Hill  St  Grimes's 


Sand  Spring. 
West  Gate  .. 
Middle  Gate. 
White  Rock. 
Cold  Spring . 
Patterson's.. 


New  Pass  . . 
Mount  Airy 


Jacobsville 
Austin..... 


Distance  in  miles. 

| 

• 

» 

s 

0 

■** 

"«*   . 

S.I 

O 

■ 

v  © 

§ 

a 

m 

.2 
or* 

~g 

B  CU 

4 

P 

©   SO 

&£ 

o 

< 

45 

g 

a 

o 

•3 

& 

u 

£ 

< 

3.66 

171.23 

4,699 

167.57 

4,553 

3.45 

7.11 

164.12 

5.06 

16.50 
14.15 

12.17 

159.06 

4,376 

28.67 

142.56 

42.82 

128.41 

4,070 

10.85 

53.07 

118.16 

4.002 

3.87 

56.94 

114.29 

3,989 

6.28 

6.47 

63.22 

108.01 

3,920 

69.69 

101.54 

3,944 

16.51 

86.30 

85.03 

3.926 

80.06 

106.36 

64.97 

4.504 

3.11 

109.37 

61.86 

4,703 

3.39 

118.76 

56.47 

4,818 

7.11 

119.87 

51.36 

5,418 

10.86 

130.73 

40.50 

5,213 

14.00 

• 

0.35 

144.73 

26.50 

153.98 

17.25 

6,7e6 

10.00 

163.98 

7.25 

7.25 

171.83 

6,594 

Remarks. 


Capital  of  Nevada. 

On  Carson  River;  number  of 

mill. 
Station  Virginia  and  Truckee 

Railroad. 
On  Carson  River;  town  of. 
Hay  Ranch;  water;  no  wood. 
Log  cabin ;  wood  and  water ; 

little  grazing. 
Water;  little  wood;  forage 

purchased. 
Bridge;  little  wood;  forage 

purchased. 

Ranch ;  no  wood ;  good  grac- 
ing. 

Water,  wood,  and  forage  all 
purchased. 

Good  water;  no  wood;  no 
grazing. 

Good  water;  no  wood;  little 
grazing. 

Water ;  no  wood ;  little  grac- 
ing. 

Good  water ;  no  wood ;  little 
grazing. 

Ranch  on  Edwards's  Creek; 
no  wood ;  grazing. 

Water  in  spring. 

Water;  little  grazing;  no 
wood. 

Reese  River ;  uo  wood ;  little 
grass. 

City  of. 


Note. — The  above  is  the  usually-traveled  route,  and  the  best  road  between  Carson  and  Austin,  excep  * 
that  from  Patterson's  to  Austin.  The  route.via  Smith's  Creek  (see  Route  No.  21)  should  be  taken  if 
accommodations  are  required  en  route,  there  being  none  between  Patterson's  and  Jacobsville 
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ROUTE  NO.  8. 
From  Carson  City,  Nev,,  to  Austin,  Nev. — Atlas-sheets  Nos.  47  D  and  48  D. 


Carson 

Dayton  

Old  Fort  Churchill... 
Bucklanda' 

OldWell 

Carson  Lake 

Sulphur  Spring 

Sand  Spring , 

*  *  * 

Patterson's 

Antoines 

Birchini's 

Half-way  House 

Austin 


Distanoe  in  miles. 

• 

D 

* 

• 

© 

—+ 

8« 

Z> 

5  ♦* 

a 

s 

a 

53 

©  © 

as 

0  * 

« 

P 

©  © 

o 

< 

©  > 

*5 

a 

Q 

2 

12.17 

21.39 

J. 11 

33.56 

174. 16 
161.99 
140.60 

34.67 

139.  49 

11.19 

45.86 

128.  30 

14.50 

60.36 

113.80 

13.81 

74.17 

99.99 

a  00 

82.17 

91.99 

44.53 

126.70 

47.46 

14.37 

141.07 

3J.09 

23.32 

163.39 

10.77 

5.08 
5.69 

168.  47 
174. 16 

5.69 

e 
> 


©~ 
w  © 

© 


© 

•a 

9 

< 


4,699 
4,376 
4,  258 
4,151 


3,883 
3,972 
3,926 


5,213 
6,517 

5,743 


5,726 
6,594 


Remarks. 


See  Route  No.  1. 

On  Carson  River,  (deserted  ) 

Toll  -  bridge    over    Carson. 

Ranch. 
Houtons,  (deserted.)  no  grass 

or  wood. 
Little  grass;  poor  water;  do 

wood. 
Road  station ;  wood  and  for- 

ago  purchased. 
Road   station;  water,  wood 

and  forage  purchased. 

See  Route  No.  1. 

Smith  Creek.  Milk  Ranch; 
forage  must  be  purchased. 

Reese  River;  ranch;  no  tim- 
ber; forage  must  be  pur- 
chased. 

Well ;  no  wood. 

Wood  and  forage  purchased. 


From  Buckland's  to  Sand  Spring  is  a  deserted  road  and  without  accommodations  at  present,  between 
Bucklands'  aod  Sulphur  Springs,  the  first  telegraph  and  old  stage  road.  Also,  from  Buoklaud'a.  Route 
No.  1,  can  be  joined  via  Gates,  on  Carson  River,  (8  miles,)  and  striking  the  tirat  route  between  Coney's 
and  Log  Cabin,  (10  miles  from  Gates,)  about  six  miles  from  Log  Cabin. 


ROUTE  NO.  3. 
From  Carson  City,  Nev.,  to  Austin,  Nee, — Atlas-sheets  Nos,  47  D  and  48  D. 


Carson 

*  *  t  • 

Sdnt  Clair's  Station 

Crossing  Carson 

Stillwater 

Mountain  Well 

Summit 

West  Gate 

•  *  *  «r 

Austin 


Distance  in  miles. 


0 
© 

8- 

§.9 

©  © 

©  9 

©  > 

fc3 


£ 


56.94 

3.72 

13.71 

14.55 

0.95 

21.50 


64.97 


O 

a 
3 

a 
£ 


176.  34 

119.  40 
115.63 
101.  97 

87.42 
66.47 
64.97 


a 

a 

a 


60.66 
74.37 

88.92 

89.87 

111.37 


176. 34 


> 
© 


%  © 

© 

fl-T 

©  m 

a 


4,699 

3,989 
3,978 
3,954 


5,88* 
4,504 


6,594 


Remarks. 


Capital  of  Nevada. 

See  route  No.  1. 
Bridge ;  ranoh  near. 
County   seat   of  Churchill 

County,  Nev. 
Poor  water ;  wood ;  no  gracing. 
Wood ;  no  water  or  erase. 
Good  water ;  no  wooa :  forage 

purchased.  See  Rente  No.  1. 

City  of. 


Ranch  about  one- fourth  mile  beyond  "Crossing." 

Old  mining  town,  La  Plata,  3  miles  from  "  Summit,"  is  reached  by  road  that  turns  to  the  north  at  this 
point. 

There  is  a  telegraph  station  at  Stillwater,  and  this  road  follows  the  telegraph  line  to  West  Gate, 
thenoe  to  Austin  the  telegraph  is  via  New  Pass  and  Mount  Airy.  This  was  the  last  route  of  the  Over- 
land Stale  Company. 

From  Stillwater  there  is  a  road  (little  traveled)  to  Sand  Spring,  distance  21  miles. 
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From  Mound  House  to  Dead-Horse  Well.— Atlas-sheet  No.  57  A. 


Mound  Hoase 

Davton 

Toil-Gate 

Churchill  Cation 

Forks  of  road 

Schwartz 

First  Crossing 

Mason's 

Geiger's 

Lee's  Mill 

Indian  Agency... 
Double  Spring  .. 
Dead-Horse  Well 


Distance  in  miles. 


& 


5.06 

11.02 

9.84 

3.46 
6.19 
5.12 

6.00 
1.40 

0.60 
17.80 

9.00 
19.00 


a 

D 

°« 

as 

o 

© 
u 

ft 


IP.  08 
25.92 

29.38 
35.57 
40.  C9 

46.69 
48.09 

48.69 
66.49 
75.49 
94.49 


o 

2 

o 

O 
•    • 

IS3 

a 


94.49 

89.43 
78.41 
68.57 

65.11 
58.92 
53.80 

47.80 
46.40 

45. 80 
28.00 
19.00 


I 


9 

> 
0 


p 


I 


4,376 
4,260 


4,272 

4,345 

4,348 
4, 352 

4,350 
4.120 


4,117 


Remarks. 


Station,  Virginia  and  Truckee 

R.  R.       h 
Town  o£  Carson  River  bridge. 
On  Carson  River  ;  ford  near. 
Water  and  little  wood;  no 

grass. 

First  ranch  in  Mason  Valley. 
Portion  Walker  River;   no 

timber;  grazing. 
Ranch. 
Near    second    ford    (main) 

Walker  River. 
Water-mill. 

Lower  crossing  W.  R.  ford. 
Water;  no  wood. 
Water ;  no  wood  or  grazing. 


From  Dayton,  a  toll-road  is  being  constructed  through  Mason  Valley  toward  Bellville. 

Dead- Horse  Well  is  called  50  miles  from  Bellville.  This  road  is  now  constructed  to  its  junction  with 
the  road  from  Bucklands  to  Mason  Valley. 

From  Churchill  Cation  the  left-hand  road,  making  a  small  detour  to  the  east,  passes  a  well  and  station' 
on  the  Bnckland  roan,  (alio)  2  miles  from  Churchill  Canon.    The  construction  of  bridges,  as  contem- 
plated, over  the  Walker  River,  near  Lee's  Mill  will  materially  improve  and  shorten  this  toll-road. 

X 

From  Wadsworth,  Net.,  to  Mason  Valley  Post-Office. — Atlas-sheets  Xos.  48  C  £*  57  ^. 


Wadsworth 

Buoklands 

Ro.dftomD,jton^J»*ri-: 

Schwartz 

First  Crossing  W.  River 

Mason 

Geiger 

Mason  Valley  Post-Office 


Distance  in  miles. 

Altitude  in  feet  above 
sea-level. 

Between  consecu- 
tive points. 

4 

© 

* 

« 

■ 

•a  • 

is 

p. 

27.08 

7.25 

2.00 
6.19 
5.12 
6.00 
1.40 

1.50 

34.33 
36.33 
42.52 
47.64 
53.64 
55.04 

56.54 

56.54 
29.46 

22.21 

20.21 

14.02 

8.90 

2.90 

1.50 

4, 102 
4,151 

4,259 
4,272 

4,345 
4.348 
4,352 

Remarks. 


Station,  C.  P.  R.  R. 
Ranch ;  toll-bridge  over  Car- 
son. 
Well  of  good  water;  station. 

First  ranch  in  Mason  Valley. 

Grazing;  no  timber. 

Ranch. 

Near    second    ford    (main) 

Walker  River. 
Small  settlement. 


Stockton  Well,  an  old  stage-station  on  the  overland  route,  is  near  this  road,  and  about  nineteen 
miles  from  Wadsworth;  the  station  is  deserted. 
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From  Wadsworth,  Net.,  to  Dead-Horse  Well—AUas-eheete  Xos.  48  C  <f  57  J, 


Wadsworth 

Desert  Well 

Ragtown 

Baint  Clair  Station 

School-House 

Hill  &  Grimes 

Sulphur  Spring 

Salt  Well  

Cox's  Station 

Summit 

Deep  Hollow 

Dead-Horse  Well.. 


Distance  in  miles. 

© 

•3 

■ 

0 

© 

S3 

o  a 

il 

11 

i 

* 

S 

© 

i 

21 
© 

it 
a 

a 

0 

5 

& 

1 

1 

15.70 
6.45 

80.68 
64.98 

4.103 
4.031 

33.15 

56.53 

4.003 

a  87 

26.02 

54.66 

3,989 

6.38 
6.47 

33.30 

48.38 

3,i«30 

38.77 

4L.91 

3,944 

10.30 
3.45 
5.84 

48.97 

31.71 

3.973 

53.43 

38.36 

4.030 

5a  36 

23.42 

4,379 

5.16 

63.43 

17.36 

5,603 

3.30 

66.73 

13.96 

5,344 

13.96 

80.68 

4,117 

Remarks. 


Station,  C.  P.  R.  R. 
No  wood  or  grazing. 
Carson  River;    little  wood; 

forage  purchased. 
Bridge  over  Carson  ;    little 

wood;    forage   purchased. 

Ranch ;  no  wood ;  good  graz- 
ing. 

Water  i  no  wood  or  grass. 

Poor  water ;  no  wood  or  grass. 

No  wood  or  water;  little  graz- 
ing. 

No  wood  or  water;  little  graz- 
ing. 

No  wood  or  water;  little  graz- 
ing. 

Water ;  no  wood  or  grazing. 


The  above  is  the  road  over  which  freight  is  now  transported  from  Bellville,  Nov.,  Dead- Horse  Wei' 
being  about  fifty  miles  from  Bellville.  Water  for  the  use  of  the  stations  is  hsuled  to  Salt  Well,  Cox's 
Station,  and  Summit,  from  near  Sulphur  Springs,  and  to  Deep  Hollow  from  Dead-Horse  Well. 

From  Wod8worth,  Nev.,  to  Lodi,  Nev. 


Wadsworth 

Desert  Well 

Ragtown 

Saint  Clair  Station.... 

Hill  Sc  Grimes 

Sand  Spring 

West  Gate 

Muddy  Spring  Summit 

Chalk  Well 

Welsh's 

Lodi 


Distance  in  miles. 


g 

23 
©5 

28. 

©    A 

8  ► 


A 


15.70 
6.45 

3.87 

13  75 
16.51 

30.06 

11.96 

7.46 
10.35 

3.28 


© 

i 

"S 

a 
I 


32.15 

36.02 

38.77 
55.38 

75.34 

87.30 

94.76 
105. 01 

108.39 


a 


108.29 

92.59 
86.14 

82.37 

69.53 
53.01 

33.95 

30.99 

13.53 

3.28 


© 
i 

4 


© 
art 


© 

a 


4,103 

4.031 
4,003 

3,989 

3,944 
3,936 

4,504 

6,319 

5,690 
5,336 

5,356 


Remarks. 


Station   on   Cental  Pacific 

Railroad.  w 

Water;  no  wood  or  grass. 
Carson  River;   little  wood; 

forage  purchased. 
Bridge  over  Carson;  forage 

purchased. 
Ranch ;  forage  purchased. 
Forage,  wood,  and  water  pur« 

chased. 
Good  water ;  no  wood ;  forage 

purchased. 
Winter  spring  }  mile  south; 

little  wood  or  grazing. 
Water;  no  woodor  grazing. 
Water;  no  wood;  little  gras- 

ing.      • 
Mines;  no  wood;  no  water; 

little  grazing. 
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From  Wadsioorth,  Nev.,  to  Ellswerth  and  lone,  Nev* — Atlas-sheet  No*  57  B. 


Wadsworth   

De«ert  Well 

Ragtown., 

Saint  Clair  Station 

Hill  &  Grimes 

Sand  Spring 

Went  Gate 

Muddy  Spring  Summit. 

Chalk  Well 

Burnt  Cabin  Summit . . . 
Forks  road  to  Ellsworth 
Ellsworth 


Distance  in  miles. 


i 

ii 

& 


13.70 
6.45 

a  87 

12.75 
16.51 
90.06 
U.96 

7.46 

4.00 
0.50 
9.50 


92.15 

96.02 

38.77 

55.28 

75.34 

87.30 

94.76 

98.76 

99.26 

108.76 


Is 

a 


108.76 
98.06 
86.61 

82.74 

69.99 

53.48 

33.42 

21.46 

14.00 

10.00 

9.50 


t 

« 

«s  > 

© 

©  z 

0 


4,102 
4,031 
4,009 

3,989 

3,944 

3,926 

4,504 

6,919 

5,690 
6,559 


6,871 


Remarks. 


Station  on  C.  P.  R.  R. 

Water ;  no  wood  or  grass. 

Carson  River;  little  wood; 
forage  purchased. 

Bridge  over  Carson;  little 
wood ;  forage  purchased. 

Ranch ;  little  wood ;  forage 
purchased. 

Forage,  wood,  and  water  pur- 
chased. 

Good  water ;  no  wood ;  forage 
purchased. 

Winter  spring  &  mile  south  « 
little  wood  or  grazing. 

Water ;  no  wood  or  grazing. 

Scant  Umber;  no  water. 

Mining  town ?  forage,  Ac., 
purchased. 


From  "  forks  of  road"  lone  is  distant  14.5  miles. 

From  West  Gate  a  route  may  be  taken  to  Chalk  Well,  as  follows:  To  White  Rock,  6.500  miles ;  water ; 
no  wood  or  graai  ng ;  East  Gate,  2.710  miles ;  water ;  little  wood,  (ranch  j)  Chalk  Well,  14.000  miles ;  water j 
no  wood  or  grazing ;  total,  23.21  miles. 

From  Austin,  Nev.,  to  Ellsworth,  Nev, — Atlas-sheets  Nos.  48  D  and  57  B. 


Austin 

Silver  Age 
Crowley^ . 
Summit . . . 
Peterson's. 

Cabin 

Ellsworth . 


Distance  in  miles. 


& 


8.69 

4.00 

11.25 

9.56 

10.05 

11.76 


3 

a 


19.69 
23.94 
33.50 
43.55 
55.31 


55.21 
46.52 
42.52 
31.37 
21.81 
11.76 


9 
> 

I 

It 

Si 

«  £ 

0 

•a 
3 


6,594 
6,014 

6,"253 
6,137 
6,597 
6,871 


Remarks. 


City  of. 

Well :  forage,  <fco.,  purchased. 
Ranch,  Reese  River. 
Scant  timber ;  no  water. 
Ranch;  forage,  Repurchased. 
Spring;  nowood;litUegrazing. 
Miniug  town ;  wood  plenty ; 
forage,  &o.,  purchased. 


Road  bat  little  used,    Grade  is  good. 
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ROUTE  No.  1,  VIA  IOXE,  NEV. 
From  Austin,  Nev.,  to  Ellsworth,  Nev. — Atlas-sheets  No 8.  48  D  and  57  B. 


Austin 

Silver  Age  .. 
Ahle's  Ranch 

Elkhorn 

McMahon's  . 

Summit 

lone 

Ellsworth... 


Distance  in  miles. 


S3 

fl 

© 


8.69 
11.77 

5.680 

17.46 
4.690 
3.250 

9.00 


S3 

9 
8 


o 

a 

8 


20.46 

26.14 
43.60 
4a  29 
51.54 

60.54 


60.54 
51.85 
40.08 

34.40 

16.94 

12.25 

9.00 


© 

I 


o 
a 


< 


6,594 
6,014 
5,990 

6,123 
6.552 

7,  488 
6,844 

6,871 


Remarks. 


City  of. 

Well;  forage,  Sec,  purchased. 
Reese  River;  forage,  etc.,  par- 
chased. 

Do. 

Do. 
Timber;  no  water. 
Mining  town ;  wood  plenty ; 
forage,  &c.,  purchased. 

Do. 


Good  wagon-road. 

Buck-board  carries  the  mail  and  passengers  from  Ellsworth  to  Anstin. 

Austin  is  distant  86  miles  from  Battle  Mountain ;  Central  Paciflo  Railroad  is  connected  by  stage-line. 

Ranches  are  found  at  short  intervals  from  A  hies  to  McMahon's,  along  Reese  River. 


From  Austin,  Nev.t  to  Schmidtlein's  Ranch, — Ail  .s-sheet  No.  48  D. 


Anstin 

Silver  Age 

Mouth  Big  Creek  Cafion 

Forks  of  Big  Creek 

Summit,  (south  fork) 

Sterling  Mill 

Mouth   Kingston  Cafion,  Schmidt- 
lein's  Ranch. 


Distance  in  miles. 

Altitude  in  feet  above 
sea-level. 

Between  consecu- 
tive points. 

4 

s 

< 

a 

o 

si 

8.69 
3.80 
2.00 
3.20 
9.60 
1.00 

12.49 
14.49 
17.69 
27.29 
28.29 

28.29 
19.60 
15.80 
13.80 
10.60 
1.00 

6,594 
6,014 

6,982 
8,675 
6,816 
6,220 

• 

Remarks. 


City  of. 

Well;  forage,  «tc.,  purchased. 
Water,  little  wood  and  grass. 
Water;  little  wood  and  grass. 

Water ;  little  wood  and  grass. 
Water  and  grass. 


Schmidtlein's  Ranch  is  on  the  west  siuo  of  Big  Smoky  Valley. 

This  is  the  middle  pass  through  the  Toyabe  range,  from  Reese  River  Valley  to  Big  Smoky  Valley. 
The  northern  one  is  at  Austin  and  the  southern  one  by  Ophir  Cafion. 


t> 


«»  »miri;vC 
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From  Dead-Horse  Well  to  Ellsworth,  Nev.—~Atlas-sheet8  Nos.  57  A  and  57  B. 


Dead-Horse  Well 

Hot  Springs... 
Old  Well 

Snmmit 

Ellsworth 


Distance  in  miles. 

> 

. 

| 

• 
0 

s 

• 

CD 

§•3 

U  © 
P* 

85 

N 
O 

'2=3 

3 
•g 

nde  in  fee 
sea-level 

*•$ 

a 

a 

■** 

1 

i 

3 

37.77 

4,117 

10.65 

15  32 

27.12 

4, 212 

25.97 

11.60 

8.30 

3.50 

34.2? 

3.50 

7,602 

37.77 

6,871 

Remarks. 


Good  water ;  no  wood  orgraz* 

ing. 
Water;  salt  grass:  no  wood. 
Not  nsed ;  no  wood  and  little 

grass. 
Timber;  little  grazing. 
Mining  town;  wood,  water, 

and  forage. 


Dead-Horse  Well  was  a  station  on  the  Wellington  stage  road  from  Walker  River  to  Reese  River;  it 
Is  also  on  the  direct  road  from  Wada worth  to  Bellville,  and  from  Mason  Valley  to  Bellrille,  50  miles 
from  the  latter. 

PROGRESS  MAP. 

The  changes  noted  on  this  sheet  are,  in  addition  to  the  marking  of 
areas  occupied  and  proposed  for  the  season  of  1877,  and  the  stage  of 
prosecution  of  map  results,  the  positions  of  the  present  Indian  agencies, 
the  naming  of  railroads,  and  au  addition  of  practical  data  showing  the 
changes  in  lines  of  communication,  military  posts,  &c,  within  the  year. 
The  short  season  rendered  it  impracticable  to  add  so  large  an  area  as 
usnal  to  that  already  covered  in  previous  years  by  the  several  topo- 
graphical parties,  and  my  own  time  was  spent  principally  with  the  party 
operating  in  the  Lake  Tahoe  region  and  in  the  Washoe  miniug  district, 
after  concluding  the  organization  of  the  Colorado  section. 

,  The  immediate  vicinity  of  Lake  Tahoe  has  been  so  often  described, 
and  the  later  maps  will  afford  so  much  that  is  an  improvement  to  the 
present  idea  of  its  mountain  picturesqueness,  that  I  need  only  add 
my  regret  that  the  spoliation  of  the  forests  along  its  shores  has  become 
so  rapid,  in  aid  of  the  mines  of  the  Comstock,  that  shortly  the  horizon 
from  lake-level  will  be  bare  of  the  covering  that  has  lent  so  much  to  the 
natural  beauty  of  this  peculiarly  interesting  region.  Indeed,  could  the 
title  of  the  Government  be  again  made  perfect  to  this  part  of  its  domain, 
one  might  be  justified  in  recommending  its  segregation  from  the  "pub- 
lic lands,"  that  the  natural  beauty  of  the  forest  might  be  permanently 
reserved  as  a  part  of  a  lake  region  so  unique. 

PROFILES. 

The  aneroid  profiles  joining  most  of  the  poiuts  of  importance  within 
and  immediately  adjacent  to  the  field  of  survey  have  been  prepared, 
and  have  become  a  matter  of  office  record. 

A  special  profile-map  of  the  continental  divide  from  Gray's  Peak,  Col- 
orado, to  latitude  35°  in  New  Mexico,  has  been  prepared,  showing  the 
elevations  of  the  prominent  peaks  and  passes,  and  upon  it  is  projected 
the  profile  of  the  ridges  facing  the  plains  from  the  head  of  the  Arkan- 
sas southward  to  the  latitude  above  mentioned. 

As  the  passes  leading  westward  and  lying  between  Gray's  Peak  and 
Sherman,  the  highest  point  on  the  Union  Pacific  Railroad,  (8,242  feet,) 
are  known  to  be  each  of  greater  elevation  than  those  necessary  to  be 
crossed,  as  shown  by  the  sketch,  in  going  southward  until  near  latitude 
35c,  it  appears  that  any  through  railroad  route  to  the  Pacific,  south  of 
the  Union  Pacific  Railroad,  will  necessarily  encounter  elevations  equal 
to  those  given. 
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It  does  not  seem  practicable  to  avail  of  any  new  pass  for  a  through 
western  lino  of  railroad  between  latitude  33°  and  40°,  except  that  at  the 
head  of  Pass  Creek,  a  southern  branch  of  the  Huerfano  that  heads  near 
the  source  of  the  Sangre  de  Cristo  Creek,  and  where,  by  means  of  tun- 
ueling,  a  transit  of  the  summit  should  be  made,  at  an  elevation  not 
exceeding  an  altitude  of  approximately  9,100  feet  above  sea-level. 

NATURAL  RESOURCES. 

Upon  the  sheets  in  colors,  showing  the  natural  distinctions  of  the 
surface  occupied,  the  following  divisions  are  made: 

1.  Arable.— This  refers  to  soil  susceptible  of  cultivation  by  the  use 
of  water,  when  it  is  apparent  that  the  supply  is  adequate,  assuming 
that  irrigation  is  necessary. 

2.  Grazing.— Oi  the  various  grades,  often  infringing  upon  the  tim* 
bered  area. 

3.  Ttm&er.— The  gradations  in  amount,  size,  and  quality  cannot  be 
shown. 

4.  Arid  and  barren.—* This  embraces  that  part  of  the  surface  absolutely 
valueless  for  agricultural  purposes,  and  includes  desert  wastes  and  rock 
exposures. 

The  positions  of  mines  in  place  and  placer  are  at  present  shown  only 
on  the  regular  topographical  sheets. 

The  topographical  sheet  upon  which  these  divisions  are  marked  is  a 
reproduction  from  the  original  sheets  regularly  issued.  A  legend  is 
attached  to  the  case  of  maps,  giving  the  geographical  locality  of  each. 
A  description,  supplemented  now  by  the  maps  themselves,  of  sheets 
€1B,  GlCc,  6oD,  70A,  and  70C,  is  given  in  the  last  annual  report. 

BAROMETRIC  ALTITUDES. 

Work  in  the  meteorological  branch  has  been  confined  principally  to 
the  taking  of  observations  with  a  view  to  their  subsequent  computation 
and  determination  therefrom  of  differences  of  altitude  between  known 
points  and  those  at  which  original  observations  have  been  taken.  Good 
progress  has  been  made. 

The  altitudes  are  at  once  used  in  the  construction  of  the  mountain 
parts  of  the  map,  and  upon  the  atlas-sheet  the  altitudes  of  the  principal 
settlements  and  other  marked  points  are  noted,  while  from  time  to  time 
the  altitudes  of  prominent  peaks  and  other  natural  objects  will  be  pub* 
lished  in  list  form. 

The  Signal-Office,  through  the  courtesy  of  General  Albert  J.  Myer, 
Chief  Signal-Officer,  has  kindly  furnished  transcripts  of  observations 
taken  at  a  number  of  stations  contiguous  to  the  field  of  survey* 

MININ0  INFORMATION* 

Fifteen  districts  have  been  visited  and  located  by  the  several  parties* 
The  cursory  examination  that  may  be  carried  out  hastily,  in  a  district 
usually  not  long  discovered,  has  been  made,  and  the  facts  gathered 
made  the  subject  of  a  report. 

At  the  Comstock  Lode,  made  famous  from  its  large  production  of  the 
precious  metals,  gold  and  silver,  more  extensive  examination  as  to  the 
engineering  features  of  its  mining  industry  has  been  instituted;  added 
to  the  overground  survey  of  the  contour  and  superficial  improvements, 
underground  examinations  along  profile  lines  separated  one  hundred 
feet  are  in  progress,  and  the  circumstances  of  the  mining  openings  upon 
the  various  levels  will  be  noted,  and  the  marked  features  discovered  will 
be  illustrated  graphically.  The  conditions  of  ventilation  and  drainage 
will  be  made  a  matter  of  special  study,  as  well  as  the  application  of 
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machinery  to  the  lifting  of  heavy  weights  from  below  the  surface  and 
the  conditions  of  practice  in  the  reduction  of  ores.  If  time  and  means 
permit,  nothing  will  be  left  undone  in  the  full  and  fair  investigation  of 
the  present  condition  of  mining  industry  in  this  section,  as  evidenced 
by  work  already  prosecuted. 

The  Sutro  Tunnel,  well  known  as  the  most  extended  work  of  its  kind 
in  American  mining,  will  be  examined  in  detail,  and  the  rock-specimens 
gathered  during  its  progress  are  likely  to  throw  much  light  on  the 
character  of  the  several  volcanic  beds  or  "country  rock v  that  make  up 
the  casings  of  the  ore-bearing  matter.  The  next  annual  report  will 
give  the  progress  made  up  to  that  date,  while  the  finished  results  will 
endeavor  to  show  in  shape  for  permanent  reference  the  present  con- 
dition of  this  industry,  now  so  well  recognized  in  the  western  interior. 

In  this  duty  I  have  been  assisted  by  Mr.  John  A.  Church,  mining 
engineer,  who  has  taken  up  the  underground  work  with  a  commendable 
energy,  and  Anton  Karl,  general  service,  U.  S.  Army,  who  has  beeu 
engaged  in  completing  plane-table  sheets,  begun  in  the  year  1876. 

THE  EAGLE  AND  WASHOE  TALLEY  MINING  DISTRICT,  NEVADA. 

[From  notes  by  A.  R.  Conkling.] 

This  district  was  discovered  and  organized  in  August,  1875,  since  which 
time  the  North  Carson  has  been  worked  continuously.  Its  post  office  is 
Carson,  Nev.  It  is  distant  from  railroad  communication  three  miles.  The 
nearest  practicable  route  is  a  wagon  road,  direct  to  the  Carson  Mine,  from 
the  Virginia  and  Truckee  Railway.  It  is  bounded  on  the  north  by  the 
divide  between  Washoe  Lake  and  Carson  Plain ;  on  the  south  by  Carson 
liiver;  on  the  east  by  the  Corao  Mountains;  on  the  west  by  the  Eastern 
Summit  Range.  Area,  about  25,000  linear  feet,  now  taken  up  in  North 
Carson  Mine.  Long  and  narrow  in  shape,  the  trend  is  generally  north- 
east and  southwest.  Other  mining-ledges  are  found  in  the  vicinity,  on 
the  southern  slope  of  the  foot  hills,  with  a  general  trend  north  and 
south.  The  general  direction  of  lodes,  deposits,  and  stratifications  is 
northeast  and  southwest.  The  ore  is  richer,  and  the  vein  enlarges  in 
descending.  The  wall-rock  is  granite.  Its  slope  is  nearly  vertical.  The 
clayey  wall  inclines  slightly  to  the  east.  In  age,  the  country  rock  is 
metamorphic,  granite,  and  horublendic  granite.  No  fossils  are  found. 
Ores  are  worked  by  the  free  process. 

No  water-level  has  yet  been  reached.  Chloride  of  silver  is  the  chief 
ore,  with  some  sulphides.  Silver  is  the  principal  metal,  with  a  little  mala- 
chite iucrustating  the  wall-rock.  The  principal  mines  now  worked  are 
the  Montreal,  Emerald,  Clear  Creek,  Niagara,  (described  in  Whitehill's 
report,)  and  the  North  Carson.  The  North  Carson  is  situated  3  miles  due 
north  of  Carson  City.  It  has  one  double-compartment  shaft,  305  feet 
deep.  The  walls  of  shaft  are  well  timbered.  Timber  can  be  hauled  to 
the  mine  from  flume  at  the  rate  of  $12  per  1,000  feet.  At  every  100  feet 
in  the  shaft  there  is  a  station.  At  the  foot  of  the  hill  there  is  a  tunnel 
610  feet  long,  not  yet  (September,  1876)  reached  by  the  shaft.  Two 
hundred  feet  from  the  mouth  of  the  shaft  a  little  rock  has  been  broken, 
i.  e.%  sufficient  to  reach  the  vein.  At  100  feet  level  there  is  a  drift  320 
feet  long.    The  mine  has  good  ventilation. 

No  ore  has  been  sent  away  from  this  mine  as  yet.  Vein  of  ore  varies 
from  4  to  5  feet.  Seventy-live  thousand  dollars  has  been  expended  in 
the  mineral  development  of  the  North  Carson  Mine.  The  average  cost 
of  milling  labor  per  day  is  84.  Cost  per  foot  for  siuking  a  shaft  on  a  main 
vein  is  from  $60  to  $70.  Average  cost  per  foot  for  running  a  drift  on  a 
main  vein,  $30.  Hay  is  $30  per  ton.  Oats,  3  cents  per  pound ;  an  abun- 
dant supply  of  both.    Facilities  for  raising  farm-produce  are  good. 
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Timber  and  wood  abundant.  Water  at  North  Carson  Mine  is  brought 
from  Virginia  water-hoisting  works.  Main  tapped  If  miles  from  Carson . 
There  is  one  stage  and  several  freight  lines.  Five  churches,  2  school- 
houses,  many  stores,  and  2  banking-houses.  The  Indians  are  those  of 
the  Washoe  and  Shoshone  tribes,  and  are  few  in  number.  The  principal 
silver-mining  companies  are  the  North  Carson,  Ayres  aud  Hopkins, 
Gould  and  Barnhart,  Ida  Ayres,  All  Right,  Ayres's  Consolidated,  Huston, 
and  Montreal  and  Emerald.  These  companies  are  incorporated  under 
the  laws  of  California. 

NATURAL  HISTORY. 

In  geology,  Mr.  A.  E.  Conkling  submits  a  report  of  his  observations 
made  in  the  Sierra  Nevada,  in  the  vicinity  of  Lake  Tahoe  and  to  the 
southward,  and  has  collected  a  number  of  fossils.  His  report  upon  the 
results  of  an  examination  of  a  number  of  microscopical  section  of  rocks 
from  various  localities  is  herewith. 

Mr.  H.  W.  Henshaw  has  made  an  ornithological  report  as  the  result 
of  his  season's  labor,  and,  as  well,  has  collected  specimens  in  other 
departments  of  zoology.  The  results  from  further  examinations  by  Dr. 
J.  T.  Roth  rock  and  Prof.  F.  W.  Putnam,  the  one  in  botany,  the  other 
of  the  archaeological  collections,  with  their  colaborers,  will  appear  in 
volumes  6  and  7. 

The  followiug  gives  a  list,  as  prepared  by  Mr.  Henshaw,  of  the  various 
lots  and  specimens  forwarded  by  the  expedition  to  the  Smithsouian 
Institution ;  all  of  which  have  been  donated  to  its  museum,  their  prac- 
tical importance  to  the  survey  having  ceased  with  the  examination  and 
reports  made  thereupon.  The  list  is  taken  from  the  records  of  this 
office  and  those  of  the  Smithsonian  Institution: 


List  of  natural-history  collections  forwarded  to  the  Smithsonian  Institution  during  the  years 

1871  to  1876,  inclusive. 


Subjects. 


Vertebrate fossils \  fff  lm.en;; 

Invertebrate  fossils specimens. . 

Crustacea,. {fff !!!!!!:: 

Moiiusca {iff!™™:: 

Mammals specimens.. 

Birds  and  mammals,  (alcoholic,)  speci- 
mens. 

Mammal  crania specimens. . 

Birds specimens.. 

Bird  crania,  (sterna,  &o.)  ..specimens.. 

Bird-skeletons specimens.. 

Bird-embryos specimens.. 

Bird-nests specimens . . 

Bird-eggs * specimens. . 

Keptiles,  (batrachians). ..  {  Jff^;; 


Fishes {  foPt8Clm0n8 


Hymenoptera }  iTs0!"!!!:: 

t  A~iA„~*~-~                        \  specimens. . 
Lepidoptera J  x*u 

Diptera {iff!™!":: 

Coleoptera {?ff!^!°?:: 


Orthoptera \  xS^™™' 


Arachnida {iff!?.!!!: 

Botanical  specimens {  iff1™!"; 


1871. 


126 


1872. 


1,  42C 


9 


60 


12 

135 

27 

15 

3 


300 
135 


21 


1873. 


1,566 


522 
4 


10 

20 
550 
109 
275 

4« 


100 
5 


600 

*   6« 

135 


37 

659 

31 

4 


20 
193 
950 
192 
850 
109 
450 

43 
288 
144 

50 

13 

4,500 

240 

500 

48 
250 

26 


1874. 


250 


250 
23 
5j 


3 

1,055 

22 


6 

11 

750 

140 

650 

91 


4,200 
211 


1875. 


500 
1 


100 
1 

000 
95 
43 
26 

18 

793 

9 


14 
750 
153 
800 
116 
790 


4*3 
162 


1,200 
18 


100 
16 


1876. 


200 
14 

150 

15 

10 

4 

2 

150 

2 


83 

8 

350 

49 

50 

3 


2,000 
34 


Total 
specimens. 


I 


500 

3,368 

300 

3,000 

270 
30 

60 

3,339 

•   «8 

4 

5 

36 

250 


{     3,318 

I           2,940 

J      5C0 

I               771 

I                50 

\         13,300 

\               500 

J      350 

\       •11,000 

*  Approximate. 


APPENDIX   NN.  1249 

PUBLICATIONS. 

During  the  year  the  following  maps  have  been  published: 

Progress  map  of  1877. 

Profile  map  (continental  divide  from  Gray's  Peak  to  latitude  35°.) 

Topographical  atlassheets  53  (J,  61  D,  65  D,  69  B,  70  A,  70  C,  77  B. 

The  natural  resources  of  five  of  these  sheets,  in  colors,  will  be  found 
accompanying  the  edition  of  the  annual  report,  printed  and  placed  at 
the  disposal  of  this  office. 

Maps  in  color  showing  the  natural  advantages  of  the  area  delineated 
in  sheet  61  Cc,  (San  Juan,)  and  61;  (B,)  Upper  Arkansas  Valley,  are  also 
added. 

The  volume  numbered  four  (Paleontology)  has  passed  through  the 
press.  Proof  of  nearly  half  of  volume  II  has  gone  to  stereotype.  The 
proof  of  a  portion  of  the  "  Star  Catalogue"  mentioned  in  my  last  report 
has  been  read,  and  this  valuable  catalogue  will  be  in  the  hands  of  ob- 
servers during  the  coming  season,  should  longitude  and  latitude  obser- 
vations be  prosecuted. 

Two  thousand  copies  of  my  annual  report  (Appendix  J  J,  annual  re- 
port Chief  of  Engineers  for  1876,)  have  been  published,  with  a  folio  of 
the  regular  atlas-sheets  issued  during  the  year  ending  June  30th,  1876. 

The  following  atlas-sheets,  seventeen  in  number,  are  in  various  stages 
of  completion,  viz  :  47  B,  47  D,  48  C,  48  D,  52  D,  62  A,  62  C,  69  A,  69  C, 
73  A,  73  B,  73  C,  73  D,  77  C,  77  D,  78  A,  84  A. 

A  number  of  sheets,  enumerated  below,  have  been  plotted  in  various 
scales,  and  have  either  been  published  or  are  awaiting  publication,  as  fol- 
lows :  Lake  Tahoe  region,  1  inch  to  1  mile ;  route  of  party  No.  1,  Califor- 
nia section,  1875,  1  inch  to  4  miles;  map  of  Virginia  City,  Nev.,  and 
vicinity,  1  inch  to  500  feet ;  three  plane-table  sheets,  Virginia,  Nev.,  and 
vicinity,  J  inch  to  1,000  feet :  preliminary  map  of  portions  of  northern 
Utah  and  southern  Idaho,  (for  field  use ;)  sketch  of  cave  in  Nevada ; 
sketch  of  personal  equation  apparatus;  plan  of  Ogden  observatory; 
three  sheets  giving  positions  of  astronomical  monuments;  detailed  topo- 
graphical sheet  showing  results  of  Colorado  Biver  and  Grand  Canon 
exploring  party  of  1871. 

CONCLUSION. 

As  regards  the  progress  toward  completion  of  the  topographical  atlas 
of  the  area  of  territory  west  of  the  100th  meridian,  the  progress-map, 
herewith,  shows  the  advance  made  in  that  direction.  The  possibility 
of  a  more  or  less  minute  topographical  survey  of  all  of  this  extended 
region  has  not  yet  been  made  mandatory  by  legislative  act,  but  Congress 
has  appropriated  money  for  a  number  of  years.  The  use  of  this  fund  is 
limited  to  a  fiscal  year,  and  hence,  unless  an  additional  appropriation  is 
each  year  made,  which  is  often  unknown  until  the  current  year  has 
nearly  expired,  the  project  of  operations,  as  a  part  of  which  the  retention 
of  skilled  employes  is  requisite,  cannot  be  made,  until  a  date  often  later 
thau  the  period  terminating  their  office- work  which  is  needed  in  the  reduc- 
tions of  the  previous  season's  field-work ;  and  this  is  usually  so  late  that 
full  advautage  cannot  be  taken  of  the  entire  summer-season.  By  an  in- 
crease of  assistants  enlisted  in  the  general  service  und  the  detail  of  a 
number  of  engineer  and  other  officers  requisite  for  the  command  of  the 
number  of  field  parties  each  year  engaged,  the  expenditure  for  additional 
service  can  be  limited  to  the  small  number  of  scientists  engaged  in  special 
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duties,  and  that  of  computers  and  draughtsmen  engaged  in  the  tech- 
nical labors  necessary  to  the  rapid  production  of  results.  Without  ad- 
verting to  the  advantage  to  the  military  service  growing  out  of  exteuded 
topographical  surveys,  it  seems  practical  to  urge  the  propriety  of  placing 
the  item  for  the  continuation  of  this  work  upon  the  "Army  bill,"  which 
usually  becomes  a  law  earlier  during  the  session  of  Congress  than  the 
sundry  civil  bill,  (so  called,)  that  frequently  is  not  approved  earlier  than 
the  middle  of  June,  while  parties  for  the  field  should  be  en  route  during 
the  early  part  of  May. 

ESTIMATE. 

For  continuing  the  geographical  survey  of  the  territory  of  the  United 
States  west  of  the  one  hundredth  meridian,  provided  the  supply- 
branches  of  the  War  Department  shall  assist  as  heretofore ;  being  for 
field  and  office  work,  and  for  the  preparation,  engraving,  and  printing  of  t 

the  maps,  charts,  plates,  outs,  photographic-plate  and  other  illustrations 
for  reports ;  for  temporary  office-room  at  points  remote  from  Washing- 
ton, D.  C,  and  the  purchase  at  nominal  rates  of  sites  for  field-observa- 
tories anthorized  by  the  Department ;  for  the  fiscal  year  ending  Jane 
30,lti79 $120,000  00 

As  follows : 

For  expenses  of  parties  in  the  field $45,000  00 

For  office-expenses,  including  salaries 10,500  00 

For  transportation,  including  purchase  of  animals 10,000  00 

Formaterial  for  outfits 6,500  00 

For  subsistence  on  expeditions 5,500  00 

For  forage,  winter-herding,  fuel,  storage,  &c 7, 500  00 

For  purchase  of  instruments 6,000  00 

For  repair  of  instruments 1,000  00 

For  temporary  office-room  at  points  remote  from  Washington 1, 000  00 

For  erection  of  observatories  and  monuments  at  astronomical  and  geo- 
detic stations 4,500  00 

For  purchase  of  sites  for  observatories 1, 000  00 

For  preparation  of  maps,  charts,  &o 6,000  00 

For  engraving  and  printing  maps,  charts,  photographic-plate  and  other 

illustrations  for  reports 10,000  00 

For  contingencies,  (field  and  office) 5,500  00 

Total 120,000  00 

FINANCIAL  STATEMENT. 

Amount  expended  from  appropriation  for  the  fiscal  year  ending  June  30, 

1877,  and  from  appropriation  made  available  March  3,  1877 $35,329  87 

Amount  remaining  unexpended  July  1,  1877,  from  appropriation  for  con- 
tinuing the  geographical  survey  cf  the  territory  of  the  United  States 
west  of  the  one  hundredth  meridian  for  fiscal  year  ending  June  30, 1878.       43, 492  64 

All  of  which  is  respectfully  submitted. 

Geo.*M.  Wheeler, 
First  Lieut.  Corps  of  Engineers,  in  Charge. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 


Appendix  A. 

EXECUTIVE  AND  DESCRIPTIVE  REPORT  OF  LIEUTENANT  ERIC  BERGLAND,  CORPS  OF  ENGI- 
NEERS, ON  THE  OPERATIONS  OF  PARTY  NO.  1,  COLORADO  SECTION,  FIELD  SEASON  OF 
1876. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  100th  Meridian, 

Washington,  D.  C.9  April  15,  1877. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  operations  of  party  No.  1, 
Colorado  section,  during  the  last  field  season  : 
Owing  to  the  late  date  at  which  the  appropriation  for  the  survey  became  available, 
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the  party  was  not  organized  until  the  latter  part  of  August,  1876,  at  the  Rendezvous 
Camp  at  Fort  Lyon,  Colo.,  and  consisted  of  myself  as  executive  officer  and  field  as- 
tronomer; Louis  Nell,  chief  topographer ;  Francis  Klett,  assistant  topographer ;  Will- 
iam C.  Niblack,  meteorologist ;  A.  K.  Owen,  odometer  recorder ;  two  packers,  one 
cook,  one  teamster,  and  two  enlisted  men  belonging  to  Company  D,  Nineteenth  In- 
fantry. 

As  the  field  season  would  be  necessarily  short,  ouly  a  limited  area  oould  be  covered 
and  completed  ;  hence  that  assigned  to  me  embraced  portions  of  several  atlas -sheets, 
for  the  completion  of  which,  sufficient  topographical  data  had  not  been  previously  ob- 
tained. These  incomplete  sections  lie  in  the  southeast  corner  of  atlas-sheet  "  52  D," 
southwest  corner  of  "  53  C,"  western  portion  of  "  62  A,"  northeast  portion  of  "  61  D," 
and  northwestern  portion  of  "  62  C."  As  it  was  necessary  to  go  as  far  north  as  latitude 
39°  20'  and  to  the  south  as  far  as  latitude  37°  40',  it  seemed  advisable  to  complete  the 
northern  section  first  before  the  suow  would  interfere  with  our  movements,  and  tri- 
angulation  and  topographical  work ;  then  to  proceed  southward  and  accomplish  the 
work  required  in  the  San  Luis  and  Wet  Mountain  Valleys.  Subsequent  events  proved 
this  surmise  to  be  correct,  as  we  had  barely  finished  our  work  in  the  northern  por- 
tion when  we  were  greeted  with  a  snow -storm  on  reaching  Fairplay,  the  13th  of  Oc- 
tober. 

After  completing  the  organization,  the  party  proceeded  up  the  Arkansas  Valley  from 
Fort  Lyon  to  Pueblo,  Col.  At  tbis  place  several  triangnlation  stations  were  occupied 
and  monuments  erected  on  prominent  points  in  the  vicinity.  From  Pueblo  the  main 
party  proceeded  to  Cation  City ;  thence  along  the  Fairplay  road  to  the  17-mile  ranch 
on  Currant  Creek,  at  which  point  we  left  this  road  and  proceeded  northeastwardly 
along  the  road  to  High  Creek  and  camped  on  this  latter  creek,  a  short  distance  above 
the  canon.  Before  reaching  Canon  City,  a  side  party  was  detached  in  charge  of  the 
chief  topographer  which  proceeded  up  Beaver  Creek  to  the  vicinity  of  its  source,  occu- 
pying the  principal  peaks  south  oi  Pike's  Peak,  and  establishing  the  courses  and  drain- 
age of  the  streams  which  flow  south  from  this  range  and  empty  into  the  Arkansas  River 
between  Pueblo  and  Canon  City.  The  side  party  having  joined  the  main  party  at 
High  Creek,  we  proceeded  along  the  Colorado  Springs  road  to  Florissant  Post  Office. 
From  this  point  a  number  of  topographical  stations  were  ocoupied,  and  the  surround- 
ing country  thoroughly  surveyed. 

By  your  orders  Mr.  Klett  was  directed  to  proceed  to  Washington  on  the  1st  of  Octo- 
ber, and  he  left  the  party  at  tbis  place ;  at  the  same  time  I  sent  one  of  the  enlisted 
men  back  to  Fort  Lyon,  since  his  services  in  the  field  were  no  longer  required.  From 
Florissant,  after  crossing  the  South  Platte  River,  we  proceeded  up  Tarry  all  Creek  to 
the  junction  of  Rock  Creek,  then  up  this  latter  creek  some  5  miles,  where  camp  was 
established,  and  from  whence  the  ascent  of  the  Twin  Cones  was  made. 

From  Rock  Creek  the  party  proceeded  westwardly  across  the  upper  end  of  South 
Park  to  Fairplay,  thence  south  via  the  Salt  Works  and  Trout  Creek  Pass  into  the 
Upper  Arkansas  Valley,  down  this  valley  to  the  junction  of  the  South  Arkansas  River, 
thence  through  Puncho  Pass  into  the  San  Luis  Valley,  and  down  the  valley  to  the  Mosca 
Pas*.  From  camps  in  the  latter  valley  several  prominent  peaks  of  the  Sangre  de  Cristo 
Range  were  occupied,  a  road  to  Sagauche  meandered,  and  several  mines  visited  and 
examined. 

Passing  through  the  Mosca  Pass  we  entered  the  Wet  Mountain  Valley  and  pro- 
ceeded to  Rosita,  where  the  main  camp  was  established,  from  which  side  parties  were 
sent  out  to  occupy  the  necessary  points  in  the  Saugre  de  Cristo  and  Wet  Mountain 
Ranges  aud  Cuerno  Verde  Peak.  Here  the  mines  were  also  examined,  and  information 
gained  as  to  their  yield  and  prospects. 

From  Rosita  the  party  moved  to  Cation  City  by  way  of  the  Oak  Creek  Road,  thence 
by  the  road  which  crosses* the  head  of  Little  Fountain  Creek  to  Colorado  Springs. 
Here  a  base- Hue  was  measured  and  connected  with  our  system  of  triangles,  as  well  as 
with  the  astronomical  monument,  and  Pike's  Peak  was  ascended  and  occupied  as  a 
triangulation-station.  From  Colorado  Springs  the  party  proceeded  to  Pueblo  and  Fort 
Lyon,  which  latter  place  was  reached  December  10.  The  property  was  then  disposed 
of  according  to  your  orders,  and  the  party  disbanded. 

The  results  obtained  during  the  field  season  may  be  briefly  enumerated  as  follows  : 

Ten  triangulation  stations  were  occupied,  at  which  repeated  angles  were  measured 
by  means  of  an  8-incb  transit  theodolite  by  Buff  &  Berger,  reading  to  10  seconds  of 
arc.  Fifty-one  topographical  stations  were  occupied  and  located  by  angles  to  the  tri- 
angulation stations.  The  route  of  the  p<irty  was  meandered  and  measured  with  the 
odometer  throughout.  At  Colorado  Springs  a  base-line  over  12.000  feet  long  was  care- 
fully measured.  The  usual  meteorological  observations  were  taken  in  camp,  on  the 
march,  on  divides,  and  mountain  stations,  in  accordance  with  your  priuted  instruc- 
tions. The  mines  on  the  west  slope  of  the  Sangre  de  Cristo  Range,  and  those  at  Rosita, 
were  visited  aud  examiued. 

Tarry  all  Creek  was  gauged  at  camp  12,  near  McLoughlin's  Ranch,  on  October  8, 
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and  its  volume  found  to  be  27.5  cubic  feet,  per  second,  which  may  be  considered  as  the 
minimum  amount,  as  rain  had  not  tnllen  for  several  weeks  previously. 

The  geology,  climate,  and  agricultural  resources  of  this  region  have  been  so  ably 
described  in  previous  annual  reports  and  also  by  Professor  Steveuson  in  Vo  nine  III  of 
vour  quarto  reports,  that  any  detailed  description  by  me  would  be  superfluous,  hence 
I  will  merely  remark  that  an  abundance  of  water,  wood,  and  grass  was  found  at 
nearly  all  of  our  camps,  except  in  the  San  LuiB  Valley.  The  small  valleys  along  the 
Btreauis  which  empty  into  the  South  Platte  and  Arkansas  are  occupied  by  settlers 
whose  principal  pursuit  is  stock-raihing.  Considerable  portions  of  these  valleys  have 
been  fenced  in  and  are  utilized  for  hay-land  and  pasturage,  as  during  severe  winters, 
when  there  is  a  heavy  suow-tall,  the  catilu  must  be  ted  ou  hay  until  the  suow  is  re- 
duced in  depth.  Deer  aud  other  game  wer^  frequently  seen  in  the  mountains  after 
the  1st  of  November,  aud  heids  ol  antelope  in  the  upper  port  on s  of  the  Sail  Luis 
Valley,  and  ou  the  plains  east  of  Pueblo.  The  streams  in  this  section  are  generally 
Dot  well  stocked  with  fish,  none  being  found  in  some  of  the  larger,  as  Tarry  all  Creek. 
An  instance  ot  the  devastating  effect  of  violent  rain-storms  or  cloud-bursts  was 
observed  at  Duck  Lake  on  the  Tarry  all  Creek.  Iu  the  fall  of  1875  a  heavy  shower  of 
limited  area  burst  over  the  mountaius  on  the  east  side  of  the  creek,  the  water  from 
which  brought  down  so  much  earth  and  luos-  material  that  the  stream  was  choked 
up,  and  the  water  spread  over  the  valley,  converting  some  hundreds  of  acres  of  hay- 
land  into  a  miry  swamp.  The  temperature  during  the  day  in  September  and  October 
was  moderate  and  pleasant,  the  nights  cool  and  refreshing.  But  little  rain  fell  during 
these  months,  and  the  sky  was  generally  free  from  clouds,  which  circumstance  greatly 
facilitated  our  triangulation  and  topographical  work.  In  November,  especially  during 
the  latter  part  of  the  month,  the  thermonietrr  ranged  during  the  day  from  50°  to  be- 
low the  freezing-point,  while  at  night  aud  on  some  monntaiu  stations  the  mercury 
went  down  to  zero  aud  below.  Frequent  snow-storms  also  interfered  with  our  work 
and  movements,  and  made  it  extremely  unpleasant  for  all  members  of  the  party,  as 
well  as  necessitating  the  purchase  of  forage  for  the  animals  when  the  ground  was 
covered  with  snow. 

MINES. 

The  first  mines  visited  are  situated  in  the  new  district,  in  the  vicinity  of  the  head- 
waters of  the  North  Crestou  Creek.  This  district  was  (October  27)  a'xmt  to  be  organ- 
ized under  the  name  of  Crrstou  district..  First  discoveries  were  made  in  May,  1875, 
and  a  number  of  prospecting  shafts  had  been  opened.  But  little  ore  bad  been  taken 
out  up  to  the  time  of  my  visit,  as  there  is  no  mill  at  the  miues  and  the  ore  is  not  rich 
enough  to  warrant  the  cost  of  shipment  to  any  distance.  Some  of  the  quartz  which 
has  been  milled  gave  a  yield  of  $12  to  $15  per  ton.  Three  to  four  thousand  dollars 
have  been  expended  in  completing  lines  of  communication  to  the  mines.  Timber  is 
convenient  and  abundant  on  the  slopes  and  in  the  gulches  where  the  ore  is  found,  and 
a  sufficient  supply  of  water  is  also  available.  The  distance  to  the  railroad  is  about 
100  miles  at  La  Veta  by  the  way  of  Sangre  de  Cristo  Pass.  Graiu  and  hay  are  raised 
in  the  valley,  aud  can  be  furnished  at  the  miues  at  2J  cents  per  pound  for  oats  and  $15 
per  ton  for  hay. 

EL  DORADO  MINING  DISTRICT. 

This  was  visited  and  reported  upon  by  Mr.  Niblack.  This  district  lies  between  South 
Creston  and  Deadman's  Creek,  and  is  about  7  miles  south  of  Crestou  district.  It  was 
organized  in  1874,  and  a  small  town  has  been  built  which  is  called  Sangre  de  Cristo 
Post  Office.  Two  5-starap  mills  have  been  erected,  but  were  not  in  operation  when 
visited,  October  29.  The  character  of  the  ores  is  about  the  same  as  those  of  the  first 
district,  but  the  yield  has  not  been  sufficient  to  induce  much  expenditure  in  the  devel- 
opment of  the  several  prospecting  shafts. 

HARDSCRABBLE  DISTRICT,  ROSITA. 

This  district  has  been  previously  reported  upon  by  Dr.  Loew.  Since  his  visit  the 
Pocahontas,  Humboldt,  and  Virginia  miues  have  been  worked  continuously  or  nearly 
so,  aud  the  yield  has  been  satisfactory,  although  it  has  hitherto  been  necessary  to 
transport  the  greater  part  of  the  ore  to  Denver  for  milling.  A  new  mill,  iu  which  the 
leaching  process  is  used,  was  finished  last  December,  and  a  20-stamp  mill  was  in  pro- 
cess of  erect iou.  The  estimated  yield  of  the  three  mines  mentioned  was  for  1875 
$40,000,  aud  for  187(5  $^00,000      The  average  yield  of  ore  reduced  was  $110  per  ton. 

In  conclusion,  I  wish  to  tender  my  thauks  to  the  topographers,  meteorologists,  and 
recorder  for  their  hearty  co-operation  and  geueral  attention  to  their  duties  throughout 
the  season,  thereby  making  it  possible  to  complete  the  work  assigned  within  the 
allotted  time. 

Very  respectfully,  your  obedient  servant, 

Eric  Bergland, 
First  Lieutenant  of  Engineers, 
Liout.  Geo.  M.  Wheeler, 

Carps  of  Engineers,  in  charge. 
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Appendix  B. 

EXECUTIVE  AND  DESCRIPTIVE  REPORT  OV  LIEUTENANT  8  A  ML.  E.  TILLMAN,  CORPS  OP 
ENGINEERS,  ON  THE  OPERATIONS  OF  PARTY  NO.  1,  CALIFORNIA  SECTION,  FIELD  SEASON 
OF   1876. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washington,  D.  C,  April  15,  1*77. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  country  visited  by, 
and  the  operations  of,  Party  I,  California  Division,  of  the  expedition  for  surveys  west 
of  the  oue  hundredth  meridian  during  the  field  season  of  1876.  The  area  for  work 
assigned  by  yourself  to  Party  I  falls  in  atlas-sheet  47,  subdivisions  "  B  n  and  "D"  of  the 
progress  map,  and  is  between  the  meridians  distant-  from  Greenwich  119°  48'  and  120° 
3s',  aud  the  parallels  ot  39°  18'  and  40°  167.  It  is  situated  immediately  north  of  the 
portion  of  the  Central  Pacific  Railroad  between  the  stations  of  Reno  on -the  east  and 
Cisco  on  the  west.  The  country  to  be  traversed  lay  principally  in  the  uplifted  region 
which  constitutes  the  Sierra  Nevad*  Mountains.  These  mountains  are  here  of  con- 
siderable breadth,  aud  at  first  sight  give  the  impression  of  a  confuted  mass,  but 
a  little  observation  shows  that  they  are  Composed  of  nearly  parallel  ridges,  the  longer 
ones  having  to  the  northward  a  direction  of  about  25°  west  of  north.  The  summit-line 
of  the  range  is  tortuous,  correctly  located,  however,  by  the  direction  of  drainage. 
To  the  east  of  this  Hue  the  waters  flow  to  the  lakes  and  sinks  of  the  Nevada  basin. 
To  the  west  they  go  to  the  Sacramento  River,  thence  to  the  Pacific*  The  eastern  wall 
of  the  Sierras  crosses  the  Central  Pacific  Railroad  at  about  the  one  hundred  and  twen- 
tieth meridian,  which  is  here  the  boundary-line  between  California  aud  Nevada.  A 
single  spur  of  the  rauge  projects  to  the  east  of  this  meridian  and  lies  in  Nevada.  Abont 
25  miles  west  of  the  eastern  wall  arises  the  second  marked  ridge  of  the  Sierras,  ex- 
tending nearly  parallel  to  the  eastern,  aud  forming  here  the  western  limit  of  our  work. 

The  8U in m it-lines  of  these  ridges  have  received  the  local  designation  of  eastern  and 
western  summits.  The  Ceutral  Pacific  Railroad  crosses  the  true  summit-line  of  the 
Sierras  upon  the  second  of  these  ridges  at  about  the  meridian  of  120°  20'.  The  sum- 
mit-line, bearing  as  h rated,  remains  upon  this  ridge  for  about  18  miles.  It  then  makes 
nearly  a  right  angle  and  crosses  to  the  eastern  wall  of  the  Sierras.  From  this  point, 
latitude  39°  36',  it  runs  nearly  due  north  to  parallel  39°  55'.  It  then  has  a  direction 
nearly  northwest  to  parallel  40°  16',  which  was  the  most  northern  point  visited  by  me. 
The  axis  of  the  second  ridge  changes  direction  at  the  point  at  which  the  summit-line 
leaves  it,  latitude  39°  29',  bearing  nearly  due  north  to  parallel  39°  47'.  At  this  parallel 
is  found  a  second  transverse  ridge,  immediately  north  of  which  the  longitudinal  ridges 
rise  in  closer  proximity,  all  basng  the  same  trend  as  the  eastern  wall.  For  convenience 
of  description,  I  have  djvideo^he  area  of  my  work,  situated  in  the  Sierras,  into  three 
■sections,  suggested  by  the  configuration  above  noted.  The  southern  section  i*  the  por- 
tion between  the  Central  Pacific  Railroad  and  the  transverse  divide  upon  which  the 
summit-line  crosses  from  west  to  east,  and  limited  on  the  east  and  west  by  the  two  axial 
ridges  before  mentioned.  The  middle  section  lies  between  the  same  two  axial  ridges, 
north  of  the  lirst  and  south  of  the  second  transverse  divides.  Th«  northern  section 
is  north  of  the  second  transverse  divide,  extending  wept  to  meridian  120°  38'  and 
bounded  upon  the  north  and  east  by  the  summit-ridge  of  the  Sierras,  which  here  runs 
nearly  northwest.  In  addition  to  the  mountain  area  above  located,  Party  I  covered  a 
narrow  slip  along  the  eastern  base  of  the  mountains  extending  from  Reno  to4  the  par- 
allel 40°  16'.  Of  the  sections,  already  indicated,  the  southern  is  heavily  timbered  with 
pine  and  broken  by  long,  broad,  sloping  spurs,  usually  from  the  west.  The  valleys  or 
flats  a/e  of  small  extent  aud  bear  the  names  of  the  claimants.  The  waters  of  this  sec- 
tion flow  to  the  Nevada  basin,  passing  the  east  wall  of  the  mountains  by  the  canon 
of  the  Truckee  River.  Trnckee  and  Boca  are  stations  of  the  Central  Pacific  Railroad, 
situated  in  this  section.  There  are  several  saw-mills  from  which  lumber  is  carried  to 
the  railroad  by  flumes.  These  flumes  are  V-shaped  troughs,  supported  upon  trestle- 
work,  extending  from  a  lower  to  a  higher  level.  At  the  higher  level  a  stream  of  water 
is  turned  into  the  trough.  This  artificial  channel  then  becomes  the  mea.is  for  sending 
■down  enormous  quantities  of  wood  and  lumber.  Prosper  Creek,  in  this  section,  has  been 
dammed  at  the  mouth  and  a  poud  formed,  from  which  large  quantities  of  ice  are  pro- 
cured. Small  herds  of  cattle  and  sheep  are  grazed  in  the  flats  duriug  summer,  but  de- 
scend to  lower  altitudes  in  winter. 

There  are  but  few  permaneut  settlers  in  this  section  away  from  the  railroad  and  the 
mills.  At  the  western  hide  of  this  section,  close  on  to  the  base  of  the  second  ridge,  are 
nestled  three  beautiful  bodies  of  water — Donner,  Webber,  aud  Independence  Lakes. 
Donner  Lake,  the  lowest  of  these,  is  about  5,800  feet  above  the  sea  ;  Independence 
Lake  affords  excellent  fish.  The  middle  section  of  my  work  is  bounded  by  f  he  two 
axial  aud  two  transverse  ridges  previously  mentioned.  It  comprises  an  elevated  val- 
ley of  considerable  exteut,  called  Sierra  Valley.    This  valley  would  approach  in  figure 
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a  rectangular  quadrilateral  were  it  not  that  long-necked  spurs  project  from  the  south 
and  east,  converting  it  into  a  right-angle  triangle.  This  valley  embraces  about  140 
square  miles.  At  the  southern  vertex  of  the  triangle  is  a  little  town,  Sierraville ;  at 
the  eastern,  is  Summit  Post  office.  Between  these  two  is  Loyalton.  At  the  north- 
west corner  of  the  valley  is  Beckworth's  Post  office.  The  western  and  southern  walls 
are  heavily  timbered  with  piue;  the  northern  aud  eastern  are  partially  bare.  The 
valley  is  entirely  taken  up  by  settlers.  At  Sierraville,  the  head  of  the  valley,  the  alti- 
tud|  is  4,860  feet.  Near  the  head  of  the  valley,  vegetables,  wheat,  and  even  fruit  can 
be  grown  with  some  success.  Farther  out  from  tha  timber  and  stream  free  radiat'.on 
and  accumulation  of  cold  air  at  night  prevent  this.  About  three-fifths  of  the  valley 
supplies  good  grass,  from  which  large  quantities  of  hay  are  secured  for  winter's  needs. 
The  meadows  are  situated  along  aud  uear  to  the  streams  which  flow  along  the  north 
and  west  sides  of  the  valley.  The  waters  unite  near  Beckworth's  Post  office,  to  form 
the  head  of  the  Middle  Fork  of  Feather  River,  passing  to  the  west  of  the  cation  of  that 
stream.  In  the  northern  section  the  mountain  ridges  are  nearer  together,  the  valleys 
long  and  narrow,  with  a  descending  northwest  treud.  The  valleys  grow  narrower 
with  the  descent,  soon  canon,  and  empty  their  waters  into  Indian  Creek,  which  here 
flows  nearly  west  along  parallel  40°  5'.  Beyond  this  creek  the  spurs  have  a  northeast 
direction  to  the  eastern  wall.  No  attempts  are  made  to  grow  vegetables,  fruits,  or 
cereals  in  these  valleys.  A  single  day's  ride,  however,  down  the  streams  will  take  one 
to  a  region  where  fruits  and  vegetables  can  be  grown  with  partial  success.  The  differ- 
ence of  altitude  between  the  points  makes  a  marked  difference,  but  other  cause*,  easily 
understood,  also  facilitate  such  efforts.  The  heads  of  the  valleys  of  this  section  are 
above  the  sea,  on  au  average,  about  5,500  feet.  The  wagon-road  leading  to  Taylor- 
ville,  which  follows  along  the  waters  of  one  of  these  valleys,  (Clover  Valley,)  descends 
1,500  feet  in  the  last  three  miles  before  reaching  Indian  Creek.  There  are  claimants  to 
all  the  grass-growing  lands.  Considerable  herds  of  cattle  are  grazed  here  during  the 
summer,  but,  as  a  rule,  removed  in  winter.  Only  a  few  of  the  ranchmen  remain  here 
during  the  winter.  This  section,  with  exception  of  the  small  valleys,  is  well-timbered 
with  pine.  Common  to  the  entire  mountain  area  embraced  above  is  the  appearance 
of  the  surface-rock.  It  is  all  of  volcanic  origin.  The  entire  area  has  once  been  flooded 
with  melted  rock.  The  transverse  divide  between  the  middle  and  northern  section  of 
my  work  is  a  mountain  mass  of  solidified  waves  of  lava,  embracing  beautiful  speci- 
mens of  the  columnar  structure.  These  rocks  are  generally  of  trachytic  classes.  In 
this  region,  and  all  others  that  I  have  ever  visited  where  the  surface-rock  is  of  like 
nature,  loose  fragments  are  widely  spread.  Travel  is  always  slow  and  tedious  in  such 
places.  In  order  to  account  for  this  universal  distribution  of  fragments,  it  is  only  nec- 
essary to  suppose  that  surfaces  resulting  from  volcanic  action  were  usually  uneven, 
with  sudden  ascents  and  descents  from  one  level  to  another.  The  continued  action  of 
gravity  and  the  weather  would  theu  accomplish  what  we  now  see.  In  places,  the  sur- 
face-rock is  cut  through  by  canons,  and  the  primary  formations  displayed.  I  can  give 
no  definite  information  as  to  the  rain-fail  in  this  region.  Numerous  statements  were 
received  upon  this  point,  but  the  discordancy  was  correspondingly  great.  The  amount 
of  rain  is  not,  probably,  over  12.1  inches.  The  daily  range  of  temperature  was 
usually  very  great.  Ou  the  19th  of  September,  at  a  camp  on  the  northern  section,  at 
night,  the  minimum  thermometer  recorded  19° ;  the  same  day  the  maximum  was  77° 
in  the  shade, and  112°  in  the  sun;  the  maximum  difference  between  the  wet  aud  dry 
bulbs  for  the  same  day  was  20°.  During  the  season,  the  wet  and  dry  bulbs  differed  by 
from  6°  to  20°.  In  the  northern  section  there  is  usually  6  to  10  feet  of  snow  during 
the  winter,  (this  not  included  in  the  estimated  rain-fall.)  The  inhabitants  who 
attempt  to  remain  at  their  ranches  during  winter  use  snow-shoes  from  8  to  12  feet 
loug,  and  are  confined  to  very  limited  journeys  from  December  to  April.  In  Sierra 
Valley  and  the  flats  of  the  southern  section  the  snow-fall  is  considerably  less/  The 
streams  of  the  entire  region  abound  in  fish — in  the  northern  sections  the  brooks  are 
almost  alive  with  mountain-trout.  In  this  section,  too,  frequent  indications  of  deer 
were  seen,  but  not  eo  in  the  middle  and  southern  sections.  In  addition  to  the  mount- 
ain areas  described  above,  party  1  covered  a  small  stretch  of  couutry  east  of  the 
Sierras,  extending  from  Reno  along  the  eastern  base  of  the-  mountains  to  the  most 
northern  parallel  visited.  To  the  east  of  the  Sierras  the  axes  of  the  ridges  lie  more 
nearly  north  and  south.  The  valleys  between  them  are  deserts  of  satid  and  sage- 
brush. A  narrow  slip  of  land  close  in  to  the  eastern  wall  of  the  Sierras  furnishes  good 
grazing,  aud  is  occupied  by  settlers.  The  growth  of  timber  ceases  eutirely  at  the 
eastern  base  of  the  Sierras. 

The  routes  of  communication  traversing  the  region  of  our  work  may  be  briefly 
stated  as  follows:  From  Reno,  which  is  the  most  eastern  poiut,  a  road  leads  nearly 
directly  west  across  the  eastern  wall  into  the  southern  section.  It  then  divides  ;  one 
branch  contiuues  nearly  due  west  across  the  second  ridge;  the  other  branch  turns  to 
the  south,  and  runs  near  to  and  parallel  with  the  railroad,  crossing  the  summit-line  of 
the  Sierras  at  the  same  point.  Another  road  leads  from  Reno  along  the  eastern  base  of 
the  mountains  to  Susan ville,  beyond  the  limits  of  my  work.    A  branch  from  the  road 
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crosses  through  Beckworth's  Pass  to  Summit  Post  Office,  at  the  eastern  vertex  of  Sierra 
Valley,  and  continues  along  the  northern  side  of  the  valley,  passing  out  along  the 
middle  fork  of  Feather  River.  From  Beck  worth's  Pass  there  is  a  road  along  the  east- 
ern side  of  the  valley,  through  Loyalton,  to  Sierraville,  which  theu  passes  westward 
across  the  second  ridge.  Still  another  road  passes  from  Reno  direct  to  Loyalton.  Three 
roads  lead  from  the  southern  into  the  middle  section,  and  one  from  the  middle  to  the 
northern.  From  the  northern  section  there  are  three  roads  crossing  east  to  the  Reno 
and  Susauville  road.  Beck  worth's  Pass  is  5,200  fret  above  the  sea  level,  about  1 ,800  feet 
below  the  summit-pass  of  the  Central  Pacific  Railroad.  I  bad  intended  to  include 
herein  a  profile  of  the  road  to  B-ckworth's  Pass,  with  grade  per  mile,  but  I  find  the 
hypsometric  observations  for  that  day  too  unreliable  for  my  purpose. 

I  shall  now  proceed  to  state  the  movements  of  the  party.  The  California  division 
of  the  survey  was  organized  at  Carson  City,  Nev.  I  was  placed  in  charge  of  this 
division  of  the  survey,  but  your  own  arrival  at  an  early  day  at  the  rendezvous-camp 
renders  reference  to  any  other  party  than  my  own  unnecessary.  I  was  placed  iu  imme- 
diate command  of  party  1,  which  consisted  of  the  following  members:  Myself,  as 
executive  officer  and  field-astronomer;  Mr.  Gilbert  Thompson,  triangulator  and  chief 
topographer;  Mr.  F.  M.  Lee,  meteorologist;  Mr.  William  Looram,  odometer-recorder; 
Mr. £.  D.  Miner,  assist aut  topographer;  2  packers,  1  cook,  1  laborer.  A  six-mule  wagon 
and  driver  were  placed  at  my  disposal  for  a  few  days;  9  riding  and  11  pack  mules  were 
allowed  the  party.  The  instruments  supplied  weie  the  same  as  usual  during  the  past 
two  years,  except  that  an  attempt  had  beeu  made  to  employ  a  kiud  of  combined  transit 
and  theodolite,  to  be  used  as  an  astronomical  instrument  as  well  as  for  triangulation. 
The  rough  usage  to  which  such  an  instrument  is  subjected  in  triangulatiug,  and  the 
unfavorable  circumstances  under  which  astronomical  observations  are  often  unavoida- 
bly attempted,  combine  to  conderau  the  instrument  for  such  double  use.  Two  topo- 
graphical transits  (Young's)  were  allowed;  one,  I  believe,  has  before  been  the  allow- 
ance. 

The  party  left  the  rendezvous-camp  at  Carson  City  on  September  6  for  the  field  of 
operations,  proceeding  direct  to  Reno,  meandering  and  profiling  the  route.  The  rations 
of  this  party  had  been  accumulated  at  Reno.  Owing  to  the  late  beginning  of  work  and 
the  probability  of  early  snow  in  my  area,  I  decided  to  work  in  the  northern  section  first. 
The  party  reached  Reno  on  the  7th.  I  concluded  to  leave  Reno  with  forty  days'  rations, 
and  at  the  end  of  that  time  1  expected  to  be  able  to  re r urn  without  material  loss  of 
time.  On  the  8th  I  left  Reno  with  the  wagon,  carrying  32  days'  rations  and  1,000  pounds 
of  barley.  Mr.  Thompson  was  left  in  charge  of  the  pack-train  with  8  days'  rations,  to 
follow  my  trail  as  rapidly  as  the  regular  work  would  allow.  I  followed  the  road  along 
the  east  base  of  the  mountaius,  crossing  through  Beckworth's  Pass  into  Sierra  Valley, 
continued  west  to  Beckworth's  Post  Office.  At  this  poiut  I  passed  from  the  middle  to 
the  northern  section  by  the  road  connecting  them.  At  the  head  of  Clover  Valley,  one 
of  the  small  valleys  of  this  section,  I  was  enabled  to  leave  my  rations  and  forage  in 
the  custody  of  a  rauchman.  I  then  retraced  my  course.  Ou  the  11th  September  1  met 
the  train,  having  just  entered  Sierra  Valley.  The  wagon  and  driver  were  then  dis- 
patched to  Carson  City.  Mr.  Thompson  had  already  occupied  one  triangulation-station, 
Peavine  Mountain,  which  is  northwest  of  Reno  and  east  of  the  Sierras.  Two  others 
were  made  on  the  main  ridge  of  the  Sierras,  respectively,  on  the  12th  and  13th.  In 
addition  to  this,  several  topographical  stations  were  made  before  reaching  the  ration- 
station  in  Clover  Valley,  which  was  on  the  15th  September.  From  this  camp  we  worked 
to  great  advantage  for  15  days.  Parties  were  sent  out  in  all  directions,  returning  by 
different  routes  when  practicable.  The  same  animals  were  not  used  continuously, 
which  is  great  economy.  On  the  1st  October  the  party  left  the  camp.  Our  packs  were 
now  much  lighter,  rations  having  been  considerably  reduced.  We  proceeded  farther 
north  than  we  had  yet  been,  to  the  extreme  tnangulation-point  iu  that  direction,  which 
is  situated  in  latitude  40°  16'.  At  this  point  the  party  passed  to  the  east  of  the  Sierras, 
striking  the  Susanville  road  near  the  northern-shore  line  of  Honey  Lake.  Th's  lake 
receives  the  drainage  of  the  eastern  slopes  of  the  Sierras  for  50  miles,  both  north  and 
south.  It  is  about  12  miles  wide  and  15  long,  not  over  5  feet  deep  on  an  average. 
Myriads  of  ducks  and  geese  were  seen  there.  Turning  to  the  south,  the  party  kept  the 
road  to  the  point  from  which  we  previously  left  it,  crossed  a  second  time  through 
Beckworth's  Pass,  followed  down  the  east  side  of  the  valley,  then* tip  the  west  to 
Beckworth's  Post  Office,  then  diagonally  across  the  valley  to  Loyalton,  and  from  there 
to  Reno,  reaching  the  latter  October  16.  From  September  6  to  October  16,  inclusive, 
every  day  had  been  available  for  work.  Bad  weather  kept  the  party  iu  Rono  during 
the  17th.  The  wagon  returned  to  me  at  this  time,  as  had  been  previously  arranged. 
An  enlisted  man  was  teamster,  aud  a  corporal  was  in  charge  of  the  wagon.  One  of  my 
packers  left  me  here,  but  1  did  not  employ  another,  as  the  wagon  more  thau  replaced 
him.  On  October  18  the  party  left  Reno  by  the  only  nnmeandered  road  wluch  led  to 
our  field  of  work.  It  was  called  the  Hennes  Pass  Road.  By  it  we  crossed  into  the 
sonthern  section  of  our  work,  and  continued  aloug  the  northern  side  of  it.  On  the 
20th  another  camp  was  established,  with  intention  of  remaining  thereat  for  some  time. 
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From  this  camp  Mr.  Thompson  was  sent  to  occnpy  the  most  western  of  the  tri an- 
gulation-points.  While  Mr.  Thompson  was  gone  upon  this  trip  I  attached  an  odom- 
eter to  the  wagon,  aud  meaudcred  one  of  the  roads  leading  into  Sierra  Valley  and 
returned  by  a  second.  Mr.  Thompson  returned  to  camp  ou  the  25th.  It  raiued 
steadily  during  the  26th  and  27th.  On  the  night  of  the  27th  about  five  inches 
of  snow  fell  at  our  camp,  and  much  more  iu  the  mountains.  The  weather  permitted 
no  outdoor  work  on  the  28th  and  2Uth.  On  the  30th  of  October  our  camp  was  moved  to 
within  4  miles  of  Truckee,  as  more  snow  was  anticipated.  Ou  November  1  the  weather 
promised  better,  aud  I  started  with  Mr.  Thompson  to  occupy  the  last  triangulation- 
station  deemed  necessary  for  covering  my  area.  This  point  was  Castle  Peak,  situated 
a  few  miles  north  of  Summit  Station  of  the  Central  Pacific  Railroad.  The  ascent  of 
this  peak  was  extremely  difficult.  The  snow  iu  the  mountains  averaged  about  18 
inches;  in  many  places  it  was  from  2  to  4  feet  deep.  After  the  most  intense  and  con- 
tinued exertion,  attended  with  no  little  danger,  we  reached  the  top  late  in  the  after- 
noon of  the  2d  November.  On  the  3d  I  returned  to  camp  near  Truckee.  On  Novem- 
ber 4  and  5  the  weather  was  bad.  I  learned  at  this  time  that  Mount  Rose,  a  high  point 
south  of  the  railroad,  had  not  been  occupied,  the  intention  of  the-  party  operatiug  in 
that  area  to  do  so  having  been  interfered  with  by  bad  weather.  This  point  being 
very  essential,  I  started  on  November  6  to  make  the  as  -ent.  On  acconnt  of  the  snow 
i  t  was  very  difficult,  but  we  reached  the  top  on  the  7th  ;  returned  to  camp  on  the  8th. 
On  the  10th  November  I  dispatched  the  party  to  Carson  City,  going  myself,  by  rail, 
to  Virginia  City,  to  ascertain  whether  connection  with  the  base,  measured  near  that 
place,  could  be  made  from  the  work  done.  Returning  to  Carson  City  on  the  12th,  I 
found  the  pack-train  arrived.  I  deemed  it  advisable  to  reascend  Mount  Rose,  and  ac- 
cordingly set  out  for  that  point  on  the  13th.  The  ascent  was  made  on  the  14th.  The 
party  continued  topographical  work  in  the  vicinity  until  the22d  November,  when  they 
returned  to  Carson  City  and  disbanded.  During  the  season  the  system  of  work  pre- 
viously adopted  in  the  survey  was  followed.  The  system  and  its  advantages  have 
been  ably  stated  by  Lieutenant  Marshall  in  his  report  of  1876.  During  the  season,  13 
triangulation-stations  were  occupied  and  46  topographical  three-point  stations; 
numerous  meander-stations,  which  can  be  checked  by  same  method ;  several  points 
were  located  by  intersections;  1,040  meander-stations  were  made,  each  of  which  was 
also  au  aneroid-station  ;  94  separate  cistern -barometer  stations  were  made ;  625  miles 
of  travel  were  meandered  ;  515  miles  traveled  without  meander.  Hypsometric  aud 
meteorological  observations  were  made  in  exact  accordance  with  printed  instructions 
from  this  office,  and  my  experience  enables  me  to  suggest  no  alterations  in  said  instruc- 
tions. Of  the  area  visited  by  this  party,  approximately  -&  is  good  grazing,  iV  barren, 
and  -fo  good  timber-land.  The  only  mines  are  located  near  Peavine  Mountain,  and 
were  not  visited  by  me.  It  will  be  observed  that  I  have  given  only  a  general  descrip- 
tion of  the  country;  but,  as  the  region  is  of  no  unusual  iuterest,  I  deem  it  sufficient. 
Any  description  which  would  render  intelligible  the  detailed  movements  of  a  party  in 
an  unknown  region  would  require  more  time  and  labor  than  the  information  would 
warrant,  siuce  the  results  will  finally  appear  upon  the  map.  1  have  therefore  only  in- 
dicated the  movements  of  the  main  portion  of  the  party. 

In  conclusion,  I  cannot  recommend  too  highly  the  following  of  my  assistants  :  Mr.  G. 
Thompson,  chief  topographer;  Mr.  F.  M.  Lee,  meteorologist,  and  Mr.  William  Looram, 
odometer-recorder.  Mr.  Thompson  has  had  much  experience,  and  it  can  be  truthfully 
said  that  he  is  untiring  in  his  efforts,  and  his  zeal  appears  ever  to  increase.  Mr.  Lee's 
familiarity  with  his  duties  aud  iuterest  therein  left  me  little  responsibility  in  that 
work.  Mr.  Looram,  in  addition  to  the  monotonous  aud  wearing  duty  of  odometer- 
recorder,  was  ever  ready  and  capable  to  assist  in  meteorological  observations  when 
necessary.  The  movements  of  a  party  in  a  field  are  greatly  facilitated  by  a  good 
packer,  and  I  yield  a  grateful  acknowledgment  to  my  chief  packer,  Mr.  C.  H.  Howell, 
as  the  best  I  have  ever  known.  His  intelligence  saved  me  much  anxiety,  and  his  ex- 
cellent care  of  the  animals  was  a  great  practical  aid  to  the  expedition. 
Very  respectfully,  your  obedient  servant, 

S.  E.  Tillman, 
First  Lieut.  Corps  of  Engineer*. 

Lieut.  G.  M.  Wheklkr, 

Corps  of  Engineers,  in  charge. 
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Appendix  C. 

EXECUTIVE  AND  DK8CRIPTIVE  REPORT  OF  LIEUTENANT  THOMAS  W.  8YMONS,  CORPS  OP 
ENGINEERS,  ON  THE  OPERATIONS  OF  PARTY  NO.  3,  CALIFORNIA  SECTION,  FIELD  SEA- 
SON OF   1876. 

United  States  Enginekr  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washington,  D.  C,  April  15,  1877. 

Sir  :  I  have  the  honor  to  siibmt  herewith  the  executive  report  of  Party  No.  3,  Cali- 
fornia section  of  the  survey,  for  the  field  Reason  of  1876,  together  with  a  brief  report 
on  the  mining  interests  of  the  Comstock  lode. 

EXECUTIVE  REPORT. 

The  duties  assigned  to  the  party  under  my  charge  were  to  lay  out  and  measure  a 
base-line,  and  develop  it  for  the  use  of  the  outlying  parties  in  the  vicinity,  aud  after 
this  was  done  to  commence  work  on  a  detailed  map  of  the  country  embraced  by  the 
mining  interests  of  Virginia  City,  Nev.,  and  the  neighboring  district. 

I  arrived  in  Carson  City,  Nev.,  August  23,  1876,  and  after  making  the  necessary 
preparations  and  procuring  supplies,  laborers,  instruments,  &c.,  started  by  wagon, 
August  28,  for  the  valley  of  the  Carson  River,  near  Sutro,  whither  Dr.  Kampf  and  Mr. 
Karl  had  preceded  me  to  select  a  place  for  the  base-line.  On  arriving  in  the  valley 
camp  was  made  on  the  banks  of  the  Carson  River,  and  as  it  was  to  be  permanent  for 
some  time,  we  made  it  as  comfortable  as  possible.  The  base-line  was  laid  out  on  a  very 
straight  portion  of  the  old  emigrant  road  through  the  valley,  and  the  work  of  devel- 
opment immediately  commenced.  On  the  4th  of  September  the  party  was  joined  by 
Mr.  Louis  Seckels,  and  on  the  10th  of  the  same  month  by  James  Bullock  and  an  ambu- 
lance aud  team. 

The  party  now  consisted  of  Second  Lieut.  Thomas  W.  Symons,  Corps  of  Engineers, 
executive  officer  and  field  astronomer;  Dr.  F.  Kainpf,  astronomer;  Mr.  Anton  Karl, 
topographer ;  Mr.  Louis  Seckels,  meteorological  observer ;  Mr.  Simon  B.  Cameron, 
aneroid  and  odometer  recorder;  James  Bullock,  teamster,  and  John  Rafferty,  cook. 

The  base  development  being  finished,  the  party  separated,  Dr.  Kampf  remainiug  at 
Sutro  to  measure  the  base.  In  this  he  was  assisted  by  Mr.  Seckels  and  three  hired  la- 
borers. The  apparatus  used  in  the  measurement  is  the  invention  of  Dr.  Kampf,  and 
consisted  of  a  wooden  rod  with  finely-graduated  scales  at  both  ends,  and  at  the  center 
an  apparatus  for  determining  its  deviation  from  tho  horizontal,  and  three  iron  stands 
with  nickel  tops,  on  each  of  which  was  engraven  a  fine  line,  this  line  being  the  initial 
poiut  of  each  successive  measurement  with  the  rod.  Comparisons  of  the  rod  were 
made  every  morning  and  evening  with  the  standard  rods  of  the  United  States  Coast 
Survey,  and  the  reading  of  the  rod  corrected  for  temperature.  A  full  account  of  the 
apparatus,  the  mode  of  its  use,  and  the  results  obtained,  will  be  found  in  the  report  of 
Dr.  Kainpf. 

On  September  16  1  went  to  Virginia  City,  with  Mr.  Karl  as  topographer  and  Mr. 
Cameron  as  meteorological  observer,  and  the  necessary  laborers,  aud  commenced  work 
on  a  detailed  contour  map  of  the  city  and  vicinity.  This  work  was  done  with  the 
plane-table,  and  the  method  pursued  was  the  following:  A  number  of  points  were  se- 
lected whose  projections  would  occupy  different  points  on  the  plane-table  bheet,  and 
these  were  occupied  with  the  trausit,  and  their  positions  carefully  computed  in  refer- 
ence to  the  base  aud  the  monument  points  used  in  its  development.  These  points  then 
being  laid  down  on  the  plane-table  formed  the  foundation  for  the  detailed  work,  which 
was  done  by  Mr.  Karl.  Other  points  were  occupied  with  the  transit  during  the  time 
that  the  sheet  was  being  filled  in,  and  these,  together  with  cross-sight  stations,  being 
computed,  formed  checks  which  were  continually  applied  to  the  plane-table  work.  At 
each  of  the  points  occupied  by  the  plaue-table,  and  at  many  others,  as  hills,  ravines, 
caflons,  road-crossings,  saddles,  mesas,  &c,  barometric  observations  were  taken  for 
altitude,  which,  beiug  referred  to  synchronous  observations  taken  in  camp  under  the 
same  natural  existing  circumstances  of  atmospheric  pressure,  temperature,  and 
humidity,  gave  very  accurate  relative  altitudes,  and  the  altitude  of  the  camp,  being 
determined  by  a  long  series  of  observations,  enabled  us  to  determine  the  elevations  of 
all  the  point*  above  mentioued  above  the  sea-level  very  accurately.  Besides  the  bar- 
ometric readings,  elevations  to  well-determined  points  were  read  from  the  vertical 
limb  of  the  transit  aud  from  the  alidade  of  the  plane-table,  and  level-Hues  run  with  the 
Y-level.  From  these  data  the  contours  are  being  put  in  in  the  office  of  the  survey  at 
"Washington. 

The  constant  aim  has  been  to  secure  the  greatest  accuracy  and  to  leave  no  natural 
feature  of  the  surface  or  work  of  any  importance  unrepresented,  and  Mr.  Karl,  for  his 
intelligent  devotion  to  the  work  and  his  care  and  accuracy,  deserves  the  greatest  credit. 

Three  plaue-table  sheets  were  filled  in,  two  to  a  scale  of  1,000  feet  to  an  inch,  and 
one  to  a  scale  of  500  feet  to  an  inch,  the  larger  scale  being  used  in  delineating  that  por- 
tion of  the  country  including  Virginia  City.  The  country  gone  over  includes  Virgiuia 
City  and  the  northern  portion  of  the  Comstock  lode,  the  country  to  the  north  and  west 
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traversed  by  the  Geiger  grade,  and  that  to  the  east  embracing  the  basin  between 
Mounts  Emma  and  Davidson. 

Dr.  Kampf,  after  finishing  the  base  measurement,  went  to  Virginia  City  and  deter- 
mined the  azimnth  of  the  triangulation  lines  from  the  astronomical  monument,  and  on 
October  23  started  for  Washington.  Mr.  Seckols  j>ined  the  party  in  Virginia  City  and 
devoted  himself  with  assiduity  and  intelligence  to  the  necessary  meteorological  work. 
November  20,  I  received  orders  to  procee4  to  Carson  City  to  disband  for  the  season, 
where  I  arrived  November  23.  After  spending  two  weeks  in  Carson,  seeing  to  the 
storage  and  shipment  of  public  property,  taking  inventories,  and  acting  as  member  of 
a  board  of  survey,  I  started  for  Washington  on  the  5th  of  December.  In  obedience  to 
verbal  orders  from  Lieut.  S.  E.  Tillman,  in  charge  of  disbanding  the  California  section 
of  the  survey,  I  stopped  at  Ogden,  Utah,  and  made  au  inspection  of  the  Government 
observatory  there,  and  »n  inventory  of  all  the  public  property  pertaining  to  the  expe- 
dition, the  reports  of  which  have  been  submitted  to  Lieutenant  Wheeler. 

On  my  arrival  in  Washington  I  was  placed  in  charge  of  the  meteorological  records 
and  computations,  and  also  to  supervise  the  compilation  and  reduction  of  the  plane- 
table  work.  I  have  carefully  recomputed  all  the  positions  used  in  the  held  and  several 
others,  which  will  give  the  foundation  for  the  work  when  it  is  next  taken  up  in  the 
field. 

DESCRIPTIVE   REPORT. 

The  area  embraced  in  the  contemplated  and  partly  constructed  detailed  contour 
map  is  12$  miles  long  from  north  to  south  and  iH  miles  broad  from  east  to  west,  and 
contains  withiu  its  limits  the  richest  mines  of  silver  and  gold  of  which  the  world  of 
to-day  has  any  knowledge.  About  12  miles  to  the  east  of  the  summits  of  the  Sierra 
Nevada  Mountains,  a  little  northeast  of  Lake  Tahoe,  in  the  iuidtt  of  piled-up  masses  of 
volcanic  rocks  of  all  kinds,  where  during  the  summer  rain  never  falls,  and  where 
notbiog  grows  but  sage-brush ;  where  the  mind  of  man  can  imagine  nothing  to  add  to 
the  scene  to  make  it  one  of  more  cheerless  grandeur  and  desolation,  is  situated  the 
famed  Comstock  lode.  Above  the  lode  aud  its  branches  have  been  built  the  towns  of 
Virginia,  Gold  Hill,  Silver  City,  and  American  Flat,  in  which  are  situated  the  upper 
works  of  the  mines  and  their  many  adjunct*.  Immediately  connected  with  it  by  vir- 
tue of  their  ore  mills  are  the  towns  of  Dayton  and  Empire,  and  from  being  the  outlet 
of  the  Sutro  Tunnel  is  the  town  of  Sntro.  I  shall  not  attempt  to  describe  these  places 
in  detail,  but  shall  simply  note  some  observations  of  my  own  and  some  of  the  changes 
which  have  taken  place  since  other  reports  have  been  written,  and  which  are  con- 
tinually taking  place. 

At  the  time  when  Mr.  Clarence  King  wrote  his  report  upon  the  geology  of  the  Com- 
stock, it  was  considered  that  the  portion  of  the  lode  between  the  Gould  and  Curry, 
and  the  north  line  of  the  Central,  correnpouding  to  the  south  side  of  the  Ophir,  was 
unproductive,  aud  from  the  apparent  closing  in  of  the  walls  it  was  supposed  that  it 
never  would  develop  into  anythiug  of  much  value.  Since  then,  however,  under  the 
names  of  the  Consolidated  Virginia  aud  California,  this  region  has  developed  the  Big 
Bonauza  mines,  one,  the  Consolidated  Vhginia,  yielding  in  the  year  1875  alone  the 
enormous  amount  of  $16,731,653.43  from  1611,095  tons  of  ore.  This  is  a  gigantic  illus- 
tration of  the  fact  that  the  vein  is  very  unreliable,  aud  that  it  is  uot  safe  to  place  very 
much  reliance  on  analogical  reasoning  with  regard  to  it. 

The  old  controversy  as  to  there  being  a  single  vein  of  which  the  outlyiug  ones  are 
branches  or  spurs  is  still  unsettled,  but  agencies  are  at  work  now  which  will,  in  all 
probability,  settle  the  question  at  law  in  a  few  years  at  the  farthest;  these  agencies 
being  particularly  the  Sutro  Tunnel,  the  Mint  Mine,  and  the  Great  Combination  shaft. 

In  the  report  of  Mr.  King  the  Comstock  lode  is  supposed  to  extend  approximately 
north  aud  south  from  the  vicinity  of  the  Utah  Mine,  to  the  mines  in  and  about  Amer- 
ican Flat,  and  no  mention  is  made  of  a  branch  lode  extending  down  Gold  Canon.  It 
is  generally  conceived  now  that  the  great  lode  branches  near  the  head  of  Gold  Canon, 
and  one  branch  extends  south  west  ward  toward  and  beyond  the  Rock  Island  Mine  in 
American  Flat,  and  the  other  extends  southeastward  down  the  cafion.  Some  of  the 
most  promising  and  productive  mines  of  all  the  region  are  situated  in  this  latter 
branch,  notably  the  Overman  aud  the  Justice,  which  have  both  big  bonanzas,  the 
latter  especially  working  some  very  rich  ore,  of  which  a  specimen  now  in  this  offic 
assays  approximately  $12,000  per  tou. 

Prospecting  and  exploitation  are  still  going  on  in  a  great  many  places,  both  on  the 
lode  and  off  it,  and  the  horizontal  limits  of  pay-ground  is  not  yet  reached,  or  at  least 
is  far  from  being  determined.  But  many  things  would  go  to  show  that  the  vertical 
limit  of  successful  working  has  been  reached  in  some  of  the  mines  as  long  as  the  pres- 
ent system  prevails.  In  the  Savage  Mine,  nearly  or  quite  a  year  ago,  as  a  drift  was 
beiug  pushed  to  the  east  at  a  depth  of  2,300  feet,  a  heavy  volume  of  hot  water  was  en- 
countered which  drove  the  workmen  back  and  up  the  shaft,  and,  in  spite  of  the  pumps, 
contiuued  to  come  in  until  it  reached  the  1,900-foon  level.  Since  its  first  influx  larger 
and  more  powerful  pumps  have  been  put  in  and  kept  at  work  coatiuuously  except  for 
accidental  stoppages,  aud  at  last  accounts  the  water  was  still  at  about  the  same  level. 
Although  at  times  the  pumps  would  gain  on  the  water,  the  water  would  in  a  short 
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time  assert  its  supremacy  and  come  back  to  its  accustomed  level.  It  also  flooded  a 
neighboring  mine,  tbe  Hale  and  Norcross,  which  has  also  been  at  work  pumping  ever 
since,  and  thus  these  two  mines  are  una  »le  to  proceed  with  auy  profitable  work  or 
work  of  exploration,  while  there  is  still  an  enormous  drain  on  the  pockets  of  the  stock- 
holders for  the  expenses  of  pumping  and  the  other  expenses  incidental  to  the  flooding 
of  the  mine. 

Heretofore  all  the  large  bodies  of  water  struck  in  the  mines  have  been  at  a  higher 
level  and  have  been  rapidly  pumped  out  and  have  not  returned  in  large  quantity, 
and  this  has  strengthened  the  idea  that  the  water  occurs  in  pockets  or  reservoirs,  and 
that  when  these  are  drained  off  it  will  cause  no  further  trouble.  This  water  in  the 
Savage  Mine,  however,  seems  to  tell  a  different  story.  It  is  very  hot,  about  154° 
to  160°  F.,  and  in  all  probability  comes  from  the  same  heated  source  as  the  water 
which  welts  up  from  the  Hot  Springs  in  the  valley  below  at  Steamboat.  As 
these  springs  are  constant,  it  is  altogether  probable  that  tbe  water  which  enters 
tbe  Savage  is  also  constaut  or  nearly  so,  aud  that  it  connects  with  the  heated  water 
which  permeates  in  a  more  or  less  connected  manner  all  the  Assures  and  subterra- 
nean channels  below.  In  one  mine  which  I  visited,  the  Imperial  and  Empire,  I  de- 
scended to  a  depth  of  2,135  feet  and  found  the  temperature  to  range  from  110°  to  1 15°  F. 
There  was  at  least  one  stream  of  hot  water  coming  into  the  mine,  which,  on  testing,  I 
found  to  be  154°  F.  In  other  parts  of  tbe  world,  where  mines  have  been  sunk  very 
deep,  it  has  been  found  that  on  an  average  the  temperature  increases  1°  F.  for  every  50 
to  60  feet  of  descent  from  the  depth  at  which  the  temperature  first  becomes  con- 
stant, which  is  about  100  feet  below  the  surface  ;  this  constant  temperature  being,  as 
near  as  it  can  be  determined,  47°  F.  Assuming  55  feet  to  be  the  equivalent  in  descept 
of  1°  F.,  we  have  in  the  Imperial  aud  Empire 

2135"-  —  100ft* 
^ +  47°  F.  =84*  F. 

or,  according  to  this  rule,  the  temperature  at  the  depth  of  2,135  feet  Bhould  be  84°* 
Instead  of  this,  and  in  spite  of  the  fact  that  great  quantities  of  cold  air  are  pumped 
in,  it  reaches  in  places  as  high  as  110°  and  115°  F.  Undoubtedly  the  cause  of  this 
great  heat  is  the  iu  pouring  and  circulating  hot  water,  which  comes  in  quite  large 
quantities,  the  amount  pumped  from  the  mine  being  about  6  miner's  inches.  There 
are  two  hypotheses  to  accouut  for  this  heated  water :  one  being  that  it  is  heated  by 
the  chemioal  action  going  on  iu  some  mineral  or  other  veiu  through  which  it  passes.  It  is 
asserted  and  believed  by  many  that  as  the  hot  Savage  water  came  in  from  the  east,  when 
the  exploration  shall  be  pushed  on  eastward  a  vein  of  tbe  same  general  character  as  the 
Comstock  will  bestruck,  the  chemical  action  in  which  is  tbe  cause  of  the  heating  of  the 
water.  The  supposition  that  such  a  vein  exists  is  no  doubt  very  materially  strengthened 
by  the  existence  of  this  hot-water  stream,  but  it  can  scarcely  be  considered  as  proof.  The 
other  hypothesis,  and  to  my  mind  the  more  plausible  one,  is  that  the  water  comes  up  from 
the  heated  interior  of  the  earth.  Tbe  water  which  falls  to  the  earth  in  the  form  of 
rain  and  snow,  aud  whieh  penetrates  below  the  surface,  exists  in  many  conditions 
throughout  tbe  crust  of  the  earth,  sometimes  occurring  in  pockets,  which  are  filled 
slowly  by  infiltration  or  narrow  inlets,  but  which  on  being  struck  empty  themselves 
quickly  and  are  no  further  cause  of  trouble  ;  sometimes  in  large  fissures  through  which 
the  water  is  continually  circulating,  and  which,  on  being  struck,  give  an  almost  uuin- 
termitted  stream  for  months  and  years.  Such  a  fissure  exists  in  the  Sutro  Tunnel,  and 
it  is  observed  that  when  such  a  fissure-veiu  of  water  is  encountered,  it  diminishes  its 
yield  for  some  time  until  it  reaches  a  point  when  it  becomes  constant.  This  may  be 
accounted  for  on  the  supposition  of  connecting  pockets,  which  are  gradually  drained 
off.  This  water  finally  finds  its  way  down  to  the  heated  interior  of  the  earth  and  is 
there  converted  into  steam,  which  in  its  efforts  to  rise  forces  back  the  water,  and  thus 
an  equilibrium  is  attaiued,  the  water  and  fire  making  the  steam  and  the  strain  holding 
the  water  in  suspension.  The  steam  in  its  efforts  to  escape  percolates  up  through  the 
water  and  beats  it,  and  this  in  turn  '  eats  the  surrounding  rocks,  and  possibly  is  the 
cause,  not  the  effect,  of  the  chemical  action  which  is  continually  goiug  ou  in  the  min- 
eral veins.  When  this  hot  water  and  steam  can  find  a  direct  outlet  to  thn  surface,  they 
appear  in  the  form  of  hot  springs  and  geysers;  when  they  cannot,  they  give  up  their 
heat  to  the  rocks  and  the  down-pouring  cold  surface- water.  There  is  uo  doubt  that 
the  mine  in  which  this  water  occurs  is  debarred  from  further  dowuward  progress  if  the 
water  remains  constant,  unless  some  new  method  of  drainage  is  found  and  adopted; 
for  if  it  were  possible  to  keep  it  down  by  a  great  addition  to  the  pumpiug  force,  it 
would  cost  so  much  that  the  mine  would  be  totally  unprofitable.  What  this  new 
method  of  drainage  will  be  remains  to  be  seen.  Possibly  it  may  be  the  Sutro  Tunnel. 
The  tunnel  has  now  reached  a  length  of  between  15,000  and  16.000  feet,  and  is  being 
pushed  forward  with  marvelous  celerity,  making  on  an  average  300  feet  per  month  in 
length.  It  will,  when  it  reaches  its  entire  length,  (which  it  will  probably  do  in  the 
spring  of  1879,)  strike  the  Comstock,  near  the  Savage,  at  a  depth  below  the  surface  of 
about  1,900  feet,  and  then  the  water  which  may  impede  the  working  of  the  mine  will 
have  to  be  pumped  a  vertical  distance  of  1,900  feet  less  than  now.     It  is  altogether 
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po88ible  that,  with  the  present  engine-force,  which  now  makes  no  permanent  headway 
against  the  water,  the  water  may  be  raised  to  the  tunnel-level  aud  run  off  through  it 
to  the  Carson  River.  At  any  rate,  it  will  very  much  facilitate  the  keeping  down  of  the 
water  and  will  afford  anew  foundation  1,900  feet  below  the  surface  from  which  to  work 
As  with  the  Savage,  so  with  the  other  mines  which  are  much  troubled  with  water; 
when  the  tunnel  or  one  of  its  branches  reaches  them,  it  will  take  off  the  water  which 
comes  in  above  the  tunnel-level,  and  will  lessen  very  much  the  work  of  pnmpiug  ont 
that  which  comes  in  below.  It  will  also  greatly  assist  in  ventilation  ;  but  in  regard  to 
its  merits  in  this  respect  I  am  unable  to  speak. 

As  regards  the  feasibility  of  using  the  tunnel  for  the  extraction  of  ore,  it  admits  of 
discussion,  and  can  only  be  decided  when  the  time  comes.  Tbe  ore  now,  after  being 
hoisted,  is  takeu  from  the  shaft,  and  in  some  instances,  as  the  Bonanza  Mines,  is  milled 
very  near  tbe  mine;  in  others,  it  is  hauled  in  wagons  to  various  distances  from  one  to 
three  or  four  miles,  and  in  others  still  it  is  taken  by  the  railroad  to  the  mills  along  the 
Carson  a  distance  of  from  12  to  15  miles.  If  the  ore  when  taken  from  the  tunnel- 
mouth  should  be  conveyed  to  the  present  existing  mills  and  reduced,  it  would  unques- 
tionably be  more  expensive  than  now;  but  if  new  mills  should  be  built  near  the  tun- 
nel-mouth and  run  by  the  tunnel-water,  or  built  ou  the  banks  of  the  Carson  River, 
just  below,  in  my  opinion  the  ore  could  be  reduced  at  a  much  lower  cost  than  at 
present,  aud  the  ore  which  now  is  too  poor  to  work  or  which  barely  pays  for  milling 
might  be  mad*  to  pay  a  good  profit.  The  capacity  of  the  tunnel  of  course  wouhl  be 
limited ;  but  with  a  double  track,  and  care  and  economy  in  its  service,  it  would  probably 
meet  all  the  demands  upon  it. 

Situated,  as  the  Comstock  is,  in  the  midst  of  a  dry,  totally-unproductive  desert,  over 
6,000  feet  above  sea-level,  on  the  side  of  a  mountain,  needing  and  using  vast  quantities 
of  supplies  of  various  kinds,  it  may  not  be  wholly  uninteresting  or  uninstructive  to 
inquire  as  to  the  nature  aud  source  of  these  supplies,  and  the  methods  of  getting  them 
to  their  destination. 

One  of  the  first  wants  felt  by  the  pioneers  of  the  Comstock  was  water,  and  it  was 
procured  in  very  limited  quantities  from  a  few  springs  in  the  vicinity.  As  the  lode  be- 
came more  and  more  developed,  the  mines  and  mills  and  the  gathering  people  demanded 
more  and  more  water,  and  tbe  want  of  it  was  severely  felt.  The  mills  sunk  shafts  and 
drifted  for  water,  and  a  good  deal  was  obtained  from  the  tunnels  driven  into  the  mount- 
ains in  search  of  the  precious  metals.  A  company  was  finally  formed  for  the  purpose  of 
gathering  and  furnishing  water,  and  their  supply  was  chiefly  obtained  from  the  pros- 
pecting tunnels  and  conducted  in  pipes  about  Virginia  City  and  Gold  Hill.  Bnt  the 
supply  was  still  far  from  sufficient  and  the  quality  very  bad,  and  the  company  finally 
achieved  a  great  triumph  in  hydraulic  engineering  by  bringing  to  the  cities  of  the 
Comstock  an  abundant  supply  of  fresh  and  clear  mountain  water  from  the  summit 
streams  and  lakes  of  the  Sierras.  The  water  is  now  taken  from  Dall's  Creek,  in  the 
Sierras,  bnt  the  company  are  extending  their  flume  to  tap  Marietta's  Lake,  from  whence 
nearly  all  the  water  will  be  taken.  This  lake  is  1,600  feet  above  Virginia  City  aud 
within  a  mile  of  Lake  Tahoe.  Tbe  water  will  be  conducted  in  a  wooden  flume  in  a 
northerly  direction  for  about  5  miles,  then,  passing  mader  the  mountains  through  a 
tunnel  nearly  a  mile  long.it  pursues  its  winding  way  in  a  flume  for  6  miles,  when  it 
reaches  the  point  where  it  becomes  necessary  to  make  the  descent  into  the  Washoe 
Valley  below.  There  it  is  received  into  a  double  line  of  iron  pipes,  which  conduct  it 
down  to  and  across  the  valley  and  up  the  opposite  mountain.  The  pipes  are,  one.  12 
inches  in  diameter  aud  riveted  with  finch  bolts.  It  is^-inch  thick  at  the  lowest  point, 
where  the  pressure  is  greatest,  aud  tapers  from  this  point  to  the  entrance  and  exit, 
where  it  is  only  ^-iuch  thick.  The  other  is  a  10-inch  pipe,  lap-welded,  and  of  uniform 
thickness.  From  the  point  of  entering  the  pipe  the  water  makes  a  descent  of  1,963 
feet  in  a  horizontal  distance  of  1£  miles  into  Washoe  Valley.  There  it  commences  to 
ascend  until  it  reaches  a  point  1,498  feet  above  tbe  lowest  point,  at  a  distance  of  6 
miles  from  it.  Here  it  is  again  received  into  a  flume,  and  is  conducted  circling  about 
tbe  mountain-slopes  a  distance  of  about  8  miles,  until  it  reaches  its  destination.  Tbe 
flume  has  a  fall  of  1  foot  to  each  44  feet  horizontal  distance.  The  amount  supplied 
now  is  about  3,000,000  gallons  daily,  but  its  capacity,  when  fully  completed,  will  be 
more  than  10,000,000  gallons  daily. " 

Tbe  mines  and  mills  devour  a  vast  amount  of  fuel  and  lumber.  In  that  volcano- 
formed  land  there  is  no  coal,  and  the  fires  must  be  fed  with  wood.  All  the  wood  which 
grew  about  the  Comstock  was  used  up  long  ago,  and  now,  as  before  in  tbe  case  of  water, 
it  is  the  Sierras  which  furnish  the  supply.  This  is  taken  from  the  great  basin  about 
Lake  Taboe,  and  from  the  eastern  summits  above  Huffaker's,  and  is  brought  down  the 
mountains  in  flumes,  which  are  gradually  extended  backward  as  tbe  supply  is  exhausted. 
There  are  saw-mills  on  the  mountains  at  which  is  cut  tbe  square  timber  and  the  lumber 
used  in  the  mines  and  in  the  cities.  The  flumes  ai»  so  constructed  that  timber  40 
feet  long  can  be  sent  down.  The  wood  and  lumber  when  it  reaches  the  valley  is 
mostly  taken  by  the  Virgiuia  and  Truckee  Railroad,  and  conveyed  to  the  places  where 
it  is  to  be  used.  Immense  quantities  of  wood  are  also  floated  down  the  Carson  River 
to  Empire,  Dayton,  and  Satro,  and  it  is  estimated  that  at  least  250,000  cords  of  wood 
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are  annually  used  by  the  Comstock  and  its  co-operating  industries.  This  immense 
amount  of  wood  may  be  better  conceived  of  when  we  remember  that  if  it  should  be 
piled  up  8  feet  high  it  would  cover  an  area  of  100  acres.  The  square  timber  is  used  in 
great  quantities  in  the  mines,  in  the  construction  of  galleries,  shafts,  inclines,  &c,  and 
in  stoping. 

The  fertile  plains  and  hill-sides  of  California  furnish  the  subsistence  for  the  men  and 
womuij  of  the  Comstock,  and  for  their  horses,  mules,  and  cattle ;  and  the  manufactories 
of  the  Pacific  coast  provide  most  of  the  machinery  for  the  mines  and  mills,  although 
some  com-  s  from  the  far-off  Eastern  States. 

As  everywhere  on  the  Pacific  side  of  the  Rocky  Mountains,  there* are  great  numbers 
of  Chinamen  about  the  Comstock.  They  are  not  allowed  to  be  employed  in  the  mines 
or  mills,  or  in  any  of  the  work  connected  therewith,  being  prevented  by  the  ruin  era' 
union.  They  find  employment,  as  laundry-meu,  as  household  servants,  as  peddlers  of 
vegetables,  and  as  gatherers  of  garbage  and  wood.  The  wood  business  is  a  fine  illus- 
tration of  how  a  thrifty  race  cau  make  money  out  of  the  most  unpromising  materials. 
A  Chinaman  gets  a  donkey  and  a  pack-saddle,  and  spends  all  his  time  during  the 
summer  going  out  on  the  hills  and  grubbing  up  the  stumps  and  roots  of  the  fir  and 
pine  trees  which  were  long  ago  cut  dowu.  When  he  gets  as  much  as  his  donkey 
can  carry,  he  loads  him  np  and  drives  him  back  to  the  place  where  he  has  his  wood- 
pile. It  is  a  picturesque,  but  not  a  pleasant,  sight  to  see  a  dirty  Chinaman  driving  an 
overloaded  donkey,  possibly  lame  and  trembling  with  pain  and  exhaustion,  along  some 
lonely  road.  In  the  winter,  wheu  the  snow  is  on  the  ground  and  the  roads  are  impassa- 
ble in  the  country,  John  loads  up  his  donkey  with  the  smallest  amount  of  wood  which 
will  make  a  respectable  showing,  and  travels  about  the  streets  in  search  of  some  one 
who  wants  his  load  of  wood  more  than  they  want  a  dollar.  The  Chinamen  have  never 
succeeded  in  making  friends  of  the  white  men,  and  I  cannot  but  think  that  the  cause 
lies  in 'their  utter  iuoftensiveuess.  They  will  submit  tamely  to  all  kiuds  of  neglect, 
contempt,  and  abuse,  and  this  only  begets  the  feeling  in  the  mind  of  the  strong,  hearty, 
world-buffeting  American  or  European  that  they  are  unworthy  of  any  consideration. 
In  the  land  of  fighting-men,  they  are  the  non-fighters,  the  cringing  class;  and  as  long 
as  they  are  so,  they  will  be  treated  in  the  same  manner  as  at  present. 

All  the  supplies,  machinery,  wood,  lumber,  &c,  are  brought  to  the  market  by  the 
Virginia  and  Truckee  Railroad,  which  is  itself  a  wonder  in  that  land  of  wonders.  It 
was  first  completed  from  Virginia  to  Carsou  in  the  winter  of  1869  aud  1870,  aud  has 
since  been  extended  to  connect  with  the  Central  Pacific  at  Reuo.  It  is  an  immense 
auxiliary  to  the  mining  interests  of  Nevada,  as  we  see  when  we  consider  the  vast 
amount  of  freight  of  all  kinds  carried  and  the  great  use  it  is  in  transporting  ore  to  the 
mills. 

There  are  at  the  present  time  about  fifty  mines  being  worked  or  prospected  on  the 
Comstock  aud  its  brauches,  but  of  this  number  there  are  only  five  or  six  which  pay  ex- 
penses; all  the  rest  are  working  on  assessments.  There  are  about  400  incorporations 
on  the  Comstock,  employing  a  nominal  capital  of  $3,000,000,000.  This  would  be  the 
actual  value  of  the  mines  incorporated  with  the  stock  at  par.  Their  values,  at  the 
ruling  prices  of  June  1, 1876,  according  to  the  San  Francisco  Stock  and  Exchange  Board, 
was  $163,580,000. 

The  following  table,  taken  from  the  report  of  the  State  assessor  for  the  quarter  end- 
ing September  30,  1876,  will  give  an  idea  of  the  condition  of  the  principal  mines  : 

Abstract  statement  from  the  quarterly  assessment-roll  of  the  proceeds  of  the  mines  of  Storey 

County,  Nevada,  for  the  quarter  ending  September  30,  1876. 


Name. 

Tons  of  ore  ex- 
tracted. 

a 
& 

© 

> 

$18 
97 
97 

19 
13 
62 
31 
25 
25 

Gross  yield  .or 
value. 

Actual  cost  of 
extraction. 

Actual  cost  of 
reduction  or 
sale. 

• 

§ 

© 

Net   yield  or 
value  on  which 
taxes      are 
levied. 

Total  amount 
of  tax. 

Belcher* 

30,936 
53,061 
15,660 

6,720 
4,783 
1,515 
6.911 
27,358 
439 

$566,976.10 
5,  156,  026.  84 
1,  533,  308.  64 

129, 99H.  4*1 
65,  676.  3." 

1216, 552. 00 
354,  881.  4? 
315,  850.  05 

142, 167.  83 

$351, 866. 00 
742,  643.  70 
191,  660.  30 

74,  860. 00 

$568,418.00 
1,  445,  468.  43 
1,  145, 036.  64 

217, 027.  83 
17o.  000. 53 

$113,395.2:2 

3, 710,5V.  41 

613,  323.  45 

25, 999.  6! 
13. 135.  2^ 
61,  523.  5» 
85,  988.  54 
387.  638.  69 
2. 278.  69 

12,  778. 18 
72,  355.  89 
11,959.81 

506.99 
321  81 

California 

Consolidated  Vir- 
ginia, t 
Choliar-Potosi*... 
Crown  Point* 

Imperial 

Justice  t 

94.  857.  Or 
214.  971. 3» 
969,  096.  7vi 

11,  393.  46 

15, 153.  50 
62,  203.  50 
273.  585.  00 
17,  560.  0( 

18, 180.  00 
76  025.  50 

33, 33:1.  50 

141    RA4  .Ml 

1,  507.  33 
2   106  62 

Ophirt 

328,  302. 001       601,  8i7.  00 
5.278.44           QQ  HliR  44 

7,  558.  95 
55  83 

Overman* 

Total 

7,  742, 305. 00 

4, 345, 794.  87 

5, 013,  841.  Si- 

D9,  335.  10 

•80  per  cent,  deducted  by  law  and  exempt  from  taxation. 
t60  per  cent,  deducted  by  law  and  exempt  from  taxation. 
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It  will  be  seen  from  an  examination  of  the  table  that  the  only  mines  which  have  a 
paying  record  are  the  California,  Consolidated  Virginia,  Imperial,  Justice,  and  Ophir 
The  climate  about  Virginia  City  is  wonderfully  fine  for  the  health  and  spirits  of 
human  beings.  All  through  the  summer  it  very  seldom  rains,  and  the  meteorological 
records  show  an  almost  unbroken  succession  of  cloudless,  warm  days  and  cool,  delight- 
ful nights.  The  dryness  of  the  atmosphere  makes  the  heat  very  easy  16  bear,  as  long 
as  the  system  has  euough  liquid  to  evaporate  freely.  The  thermometer  had  a  range 
very  often  of  from  35°  to  50°  in  the  shade  in  a  single  day.  One  day  I  tested  the  Baud 
on  the  plain  below  Sutro,  and  found  it  to  be  heated  by  the  sun's  rays  to  135°  F.  That 
same  uight  the  thermometer  went  down  to  44°  F. 

I  wish  to  express  my  thanks  to  every  member  of  my  party  for  their  unceasing 
and  cheerful  co-operation,  and  to  the  citizens  of  Virginia  and  the  neighboring  towns 
for  their  uniform  courtesy  and  kindness,  and  their  readiness  to  aid  us  by  every  means 
in  their  power. 

Very  respectfully, 

Thomas  W.  Symons, 
Second  Lieutenant  of  Engineers, 
Lieut.  Geo.  M.  Wheeler, 

Corps  of  Engineers,  in  charge. 
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EXECUTIVE  AND  DESCRIPTIVE  REPORT  OF  LIEUTENANT  R.  BIRNIE,  JR.,  THIRTEENTH  IN- 
FANTRY, ON  THE  OPERATIONS  OF  PARTY  NO.  4,  CALIFORNIA  SECTION,  FIELD  SEASON 
OF  1876. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washington,  Z).  C,  April  15,  1877. 

Sir:  I  have  the  honor  to  submit  tha  following  report  of  the  operations  of  Party  No. 

4,  California  Section,  of  the  survey  for  the  field  season  of  1876. 

The  party  was  organized  at  Carson  on  the  1st  of  September;  Lieut.  R.  Birnie, 
executive  officer ;  J.  C.  8piller,  topographer ;  W.  A.  Cowles,  meteorological  recorder ; 

5.  F.  Wood,  odometer  recorder;  Benjamin  P.  French,  packer;  Joseph  Easten,  assistant 
packer;  George  Willig,  cook;  Private  Peter  D.  Niver,  Company  D,  Twelfth  Infantry. 

We  were  provided  with  one  10-inch  and  one^O-inch  triangulation  instrument,  (  Wiirde- 
mann'8,)  two  small  theodolites,  (Young  &  Sons,)  pocket-compasses,  two  cistern  and  three 
aneroid  barometers,  (Green,)  and  wet  and  dry  bulb  and  maximum  and  minimum  ther- 
mometers; the  meterological  instruments  having  all  been  compared  with  standards, 
and  a  final  comparison  of  the  barometers  made  just  before  leaviug  Carson.  Rations 
for  twenty-five  days  were  taken  here,  which,  with  instruments,  beading,  &c,  made  a 
little  more  than  220  pounds  per  mule  for  the  ten  pack-mules.  The  number  of  riding- 
mules  was  eight ;  we  had  also  one  extra  mule  and  one  bell-mare. 

I  was  instructed  to  complete  with  the  party  the  surveys  of  Atlas-sheets  48  C  and  D, 
a  previous  expedition  under  this  survey  having  passed  through  the  eastern  portion  of 
48  D,  and  Clarence  King's  survey  of  the  fortieth  parallel  having  embraced  about  two- 
fifths  of  the  area  of  the  sheets,  along  the  north  line,  thus  leaving  us  a  belt  of  country 
running  east  and  west  about  116  miles,  and  north  and  south  36  miles,  Austin,  Nev., 
being  in  the  northeast  corner  of  the  area.  It  was  found  necessary,  however,  to  extend 
our  routes  considerably  beyond  these  limits,  for  the  purpose  of  carrying  on  the  trian- 
gulation, and  in  these  cases  topographical  notes  were  taken  as  well.  Fremont  in  1844 
and  1845,  and  more  particularly  Simpson  in  1859,  had  partially  explored  this  country. 

description  of  the  route. 

We  left  Carson  City  September  5,  and,  passing  through  Empire  and  Dayton,  made 
our  first  camp,  with  the  party  of  Lieutenant  Symons,  on  the  north  bank  of  the  Carson, 
a  few  miles  below  Dayton.  The  following  day  Mr.  Spiller  and  myself  climbed  a  peak 
about  8  miles  to  the  north  of  this  camp,  to  determine,  if  possible,  something  of  the 
mountainous  character  of  the  country  we  were  about  to  enter ;  but  the  poiut  proved 
too  low,  and  a  topographical  station  was  made.  It  was  deemed  necessary  to  occupy 
Mount  Lyon,  the  highest  peak  in  the  vicinity,  in  order  to  connect  our  triangulation 
with  the  bane  being  measured  and  developed  by  Lieutenant  Symons's  party. 

At  Camp  No.  1  the  party  was  divided.  Mr.  Cowles,  with  the  pack-train,  proceeded 
down  the  Carson  to  Buck  land's  ranch,  one  day's  march,  meandering  the  ronte  close 
along  the  north  bank  of  the  river,  passing  ranches  at  intervals  along  the  river,  and  the 
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site  of  Old  Fort  Churchill.     This  was  abandoned  several  years  since;  the  adobe 
buildings  are  still  standing  in  part,  but  the  wood-work  has  been  all  removed. 

The  remainder  of  our  party  forded  the  Carson  at  the  camp,  and,  passing  by  the  west 
of  Mount  Raw,  a  few  miles  from  the  river  came  upon  and  followed  the  still  excel- 
lent road  that  leads  from  Dayton  to  the  old  mining  town  of  Corao.  This  place,  now 
entirely  deserted,  is  situated  at  the  summit  and  in  the  first  saddle  of  the  Como  ran^e, 
south  of  Mount  Raw.  In  1863  it  was  a  flourishing  town,  and  we  were  told  two  daily 
lines  of  stages  were  running  between  the  town  and  Dayton.  The  mines  proved  un re- 
munerative, and  it  was  soon  abandoned,  the  remains  of  two  or  three  houses  now 
alone  remaining.  Wood  in  small  quantities  is  hauled  from  the  vicinity  to  Virginia 
City.  There  are  two  springs,  one  on  each  side  of  the  divide,  and  about  a  mile  from 
the  summit.  Several  more  spriugs  were  found  along  the  eastern  slope  of  Mount  Lyon, 
being  about  the  head  of  Churchill  Canon,  that  runs  to  east  from  the  range,  and  then 
turns  north  into  the  Carson  ;  water  flows  only  in  the  upper  part  of  the  cation. 

Mount  Lyon  was  occupied  September  8,  and  proved  a  most  valuable  station.  This 
is  the  highest  peak  in  the  Como  range,  and  is  distinctly  visible  from  Carson  City, 
from  which  it  is  about  16  miles  distant,  and  bears  nearly  due  east,  Mount  Raw  is  in 
the  same  range,  5  miles  to  the  north.  Every  prominent  point  afterward  occupied  was 
visible  from  Lyon.  The  Toyabe  range  to  the  east,  125  miles  distant,  the  limit  of  our 
area  in  that  direction,  formed  the  horizon.  Irregular  low  broken,  and  barren  hills 
and  desert  flats  seemed  to  extend  to  the  great  flat  of  the  Humboldt,  and  Carson  sink 
and  lake ;  the  Carson  River,  winding  eastwardly  through  these,  was  marked  by  a  line 
of  cottonwood  trees ;  and  to  the  southeast,  some  20  miles  distant,  appeared  the  north 
bend  of  the  Walker  River,  where,  according  to  report,  (except  in  Reese  River  Valley, 
away  to  the  eastward,)  we  would  find  the  only  agricultural  settlements,  or  country 
worth  the  farmer's  toil.    The  rest  was  pictured  as  very  barren  indeed. 

Just  beyond  the  great  flat  appeared  the  Sand  Spring  range,  running  north  and  south. 
The  range  is  much  depressed  about  the  Sand  Spring  Pass,  and  this  depression  con- 
tinues to  the  next  range,  (although  the  two  are  separated  by  the  Fairview  Valley;) 
there  it  is  the  wash  flowing  westwardly,  through  Middle  and  West  Gate,  into  Fairview 
Valley  that  cuts  the  range  through  and  leaves  no  summit  to  surmount.  The  Fairview 
Peaks  rise  abruptly  on  the  south  side  of  the  wash  ;  while  on  the  north  several  parallel 
ridges  of  low  hills  rise  steadily  higher,  and  converge  to  Grant's  Peak  and  the  well- 
marked  range  to  its  north.  The  Desatoya  range,  still  farther  east,  rises  abruptly 
across  this  low  vista,  aud  gives  the  source  of  the  drain  through  West  Gate.  Beyond 
the  Desatoya  could  be  seen  the  tops  of  the  peaks  in  the  Shoshone  range,  and  beyond 
these  the  Toyabe,  the  highest  of  all,  and  running  north  and  south  with  the  others. 
The  mountains  looked,  in  the  distance,  barren  enough,  the  valleys  misty,  and  the  whole 
doubly  interesting  to  ns  entering  it  as  almost  entirely  strange;  for  it  was  remarkable 
how  little  information  cotfld  be  obtained  of  it  in  Carson  City. 

It  was  seen  that  our  primary  triangulation  must  depend  almost  wholly  upon  points, 
witbont  our  area,  and  a  scheme  was  projected  by  Mr.  Spiller  which  was  afterward  suc- 
cessfully carried  out. 

From  Mount  Lyon  to  Buckland's,  to  join  the  party  by  a  direct  route,  we  passed  over  a 
plateau  of  igneous  rock  to  the  east  of  the  divide.  This  is  a  good  range  for  cattle,  and  a 
number  were  seen  about.  In  the  abrupt  descent  from  this  plateau  to  the  Carson  we 
found  ourselves  in  a  canon  where  the  intricate  mass  of  bowlders  and  the  steep  sides 
made  the  passage  almost  impracticable;  finally,  coming  upon  Churchill  Cation,  which, 
toward  its  mouth,  is  a  broad  open  drain,  we  followed  to  its  junction  with  the  Carson, 
just  opposite  old  Fort  Churchill,  and  thence  about  two  miles  along  the  south  bauk  of 
the  river,  and  crossed  the  bridge  at  Buckland's.  Mr.  Cowles  came  in  late  the  same 
evening,  having  encountered  a  rough  ascent  over  lava  rock  in  occupying  a  station 
upon  the  ridge  between  the  Carson  and  Walker  Rivers. 

A  low  peak  just  north  of  old  Fort  Churchill  was  occupied  by  Mr.  Spiller,  and  called 
Churchill  Butte.  September  11  we  left  this  camp  in  two  parties;  the  one  to  proceed 
by  the  wagon-road  to  Wadsworth,  to  occupy  Tu-til  Peak,  near  that  place,  and  to  pro- 
ceed thence  to  a  rendezvous  on  the  Carson  at  Ragtown;  the  other  followed  the  road 
along  the  north  bank  of  the  river  and  camped  at  Gates's  ranch.  Here  Mr.  Cowles  and 
myself  forded  the  river  and  occupied  a  station  in  the  low  range  south  of  it.  This  is  a 
range  of  barren  hills  In  a  desert ;  they  have  caused  the  river  to  turn  away  sharply  to 
the  north  to  find  a  passage  for  it-self.  Late  at  night  we  recrossed  the  river  to  camp, 
with  the  pack-train  at  the  Log  Cabin.  The  river  was  too  deep  for  the  packs  to  cross ; 
they  consequently  moved  along  the  north  bank  of  the  river,  and  had  traveled  abour, 
ten  miles.  The  next  day  we  followed  the  river-bank  and  arrived  at  Ragtown.  This 
is  a  rather  dreary-looking  place,  containing  only  a  couple  of  houses ;  there  is  no  culti- 
vated ground.  It  is  the  first  station  and  the  first  good  water  out  from  Wadsworth,  on 
the  freight-road  south  from  that  place  to  Belleville,  Ellsworth,  and  lone.  Ragtown 
was  a  station  on  the  overland  stage-road,  which  was  running  uutil  the  Pacific  Railroad 
was  finished.  It  is  also  the  southern  termiuus  of  the  40-mile  desert  of  the  emigrant- 
route  via  the  Humboldt  River.    The  desert  road  extended  from  Humboldt  Lake  to 
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Rag  town.    To  be  compelled  to  abandon  there  the  exhausted  cattle,  with  their  wagons, 
was  no  uncommon  occurreuce  with  the  emigrants.    The  road  is  not  traveled  now. 

The  water  of  the  Carson  is  made  very  muddy  by  the  working  of  the  mills  upon  its 
banks  in  the  vicinity  of  Empire  and  elsewhere ;  while  the  soil  of  its  banks  is  also  ex- 
ceedingly clayey  and  alkaline.  Below  old  Fort  Churchill  fording  the  river  is  by  no 
means  safe.  As  fur  as  Gates's  (Camp  No.  3)  much  of  the  land  in  the  immediate  vicinity 
of  the  river  is  taken  up  aud  fenced  in  ;  a  little  is  cultivated,  but  it  is  better  adapted 
for  hay -ranches.     Hay  and  butter,  for  sale  about  the  mines,  are  principally  produced. 

The  river  is  about  150  feet  wide,  the  bottom  generally  soft  and  miry,  the  banks 
steep.  The  water  is  from  3  to  4  feet  deep.  There  is  a  good  bridge  at  Buckland's,  (the 
first  one  below  Dayton,)  a  passable  ford  at  low  water  at  Gates's,  and  another  said  to  be 
at  Davis's  ranch,  between  Buckland's  and  Gates's.  Except  these  ranches  in  the  river- 
bottom,  the  Carson  here  flows  through  a  very  desert.  A  little  above  Ragtown  we 
passed  several  deserted  houses,  in  ruius,  deserted  since  the  overland  stage-route  was 
abandoned.  At  Ragtown  the  river  is  quite  as  muddy  as  above,  and  looks  very  treach- 
erous, with  the  shifting  sandy  bottom.  Captain  Simpson  says  of  the  water  of  Carson 
Lake,  in  June,  1859,  "The  water  is  of  a  rather  whitish,  milky  cast." 

Soda  in  quantity  is  obtained  from  a  couple  of  small  lakes  3  to  4  miles  east  of  Rag- 
town. The  water  is  simply  run  into  earth  vats,  allowed  to  evaporate,  and  sink  into 
the  soil,  when  the  soda  remains  sufficiently  refined  for  transportation.  Mr.  Cowlea 
visited  these  lakes  September  15.  I  returned  the  same  day  from  Wads  worth,  bringing 
with  the  pack-train  a  lot  of  barley  for  our  future  nse. 

On  the  16th  we  left  this  place.  Mr.  Cowles  having  directions  to  proceed  with  the 
pack-train  by  way  of  the  Ellsworth  freight-road,  and  await  my  arrival  at  West  Gate, 
Mr.  Spiller  and  myself  took  the  old  overland  road,  along  which  follows  the  Western 
Union  Telegraph  line.  We  camped  at  Stillwater,  on  the  slough  that  connects  Carson 
Lake  with  the  Humboldt  and  Carson  Sink. 

Stillwater  has  a  telegraph  office  and  about  half  a  dozen  houses.  It  is  the  county -seat 
of  Churchill  County,  Nevada,  but  at  present  being  remote  from  travel,  is  very  isolated 
and  dull.  There  is  good  land  in  the  vicinity,  and  artesian  wells  could  undoubtedly 
be  used  to  advantage.  The  distribution  and  flow  of  the  water  of  Carson  River  are  very 
remarkable.  Three  and  a  half  miles  below  Ragtown  the  river  separates  into  two 
nearly  equal  streams ;  the  left  branch,  about  2  miles  further  on,  again  divides,  this  mak- 
ing three  streams.  The  central  one  is  called  New  River.  The  country  here  is  a  great 
flat  about  4.000  feet  above  sea-level ;  on  the  south  side  is  the  Carson  Lake,  shallow,  but 
with  generally  well-defined  shores.  It  is  about  9  miles  in  length  by  6£  in  width.  On 
the  north  side  where  the  river  enters  there  is  swampy  ground.  This  lake  is  connected 
with  the  Carson  and  Humboldt  Sink  by  the  slough  before  mentioned,  which  runs 
nearly  north  and  south,  and  is  about  22  miles  in  length. 

The  first  branch  of  the  Carson  flows  iuto  Carson  Lake,  New  River  enters  the  slongh, 
and  the  third  branch  turns  to  the  north  into  the  sink.  The  sink  is  of  much  greater 
extent  than  the  lake.  The  alternate  tongnes  of  water  and  land,  the  little  islands  and 
pools  which  form  its  southern  shore,  show  from  a  distance  the  marshy  character  of  the 
land,  and  indicate  a  shallow  body  of  water,  and  a  surface  that  would  be  sensibly  af- 
fected by  changes  in  the  water-level.  The  Humboldt  River  enters  this  sink  from  the 
north.  I  was  told  by  persons  living  along  the  slough  that  at  times  the  flow  of  water 
in  it  would  be  toward  Carson  Lake  and  the  reverse,  depending  upon  the  relative  height 
of  the  water  in  the  two  lakes.  At  the  time  of  our  visit  there  seemed  to  be  a  scarcely 
perceptible  set  toward  the  sink.  Captain  Simpson,  when  camped  upon  this  slough, 
in  June,  1859,  says:  ll Carson  Lake  voids  itself  rapidly  through  it  to  its  sink  to  the 
north." 

The  freight-road  followed  by  Mr.  Cowles  crosses  the  Humboldt  branch  of  the  Car- 
son at  Saint  Clair's  Bridge,  and  follows  on  the  east  of  and  near  the  Carson  branch. 

The  slough  is  also  crossed  by  a  bridge  at  Hill  and  Grimes,  2|  miles  from  Carson 
Lake. 

The  travel  along  this  road  to  Belleville,  &c,  has  made  a  market  for  farm-products. 
There  is  a  number  of  ranches  and  one  school-house.  We  also  find  ranches  on  the 
Humboldt  branch.  .The  Stillwater  road  crosses  this  by  a  bridge  about  three  miles 
from  Saint  Clair's. 

The  land  in  this  flat,  away  from  the  water,  is  very  sandy  and  almost  desert. 

B<  th  our  parties  left  this  valley  on  the  east,  and  crossed  the  Saud  Spring  Range  into 
Fairview  Valley,  near  the  east  side  of  which  our  routes  came  together  at  West  Gate. 
Mr.  Cowles  crossed  the  rauge  at  the  Sand  Spring  Pass,  halting  there  one  day  to  occupy 
a  mountain  station.  At  Sand  Spring  water  costs  25  cents  per  head  for  the  animals  per 
night,  and  wood  could  scarcely  be  purchased. 

From  Stillwater,  by  the  old  road,  I  entered  the  foot-hills  about  18  miles  to  the  north 
of  Sand  Spring.  We  left  the  road  at  the  summit,  and  spent  several  days  in  the  mount- 
ains about  La  Plata  and  Tarogqua  Peak  to  the  north.  The  range  here  is  called  the 
Silver  Hill  Range. 

Tarogqua  Peak  rises  very  abruptly  from  the  plain  just  east  of  the  southern  end  of 
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the  sink.  The  summit  is  4,800  feet  above  the  lake,  and  from  it  a  fine  view  was  ob- 
tained. About  this  peak  there  are  numerous  springs,  and  there  is  some  woodland  along 
the  eastern  slope  of  the  range,  but  toward  Sand  Spring  the  range  is  capped  with  vol- 
canic rock,  and  entirely  destitute  of  wood  and  water,  (Saud  Spring  being  at  the  edge 
of  a  low  flat.) 

By  the  road  the  summit  is  about  18  miles  from  Stillwater,  and  Mounfain  Well,  within 
a  half  mile  of  the  summit,  is  the  only  water  between  Stillwater  and  West  Gate;  the 
water  is  now  scarcely  fit  for  use,  the  well  having  been  standing  open  for  several  years. 
An  old  wagon-road  leads  from  the  summit  to  La  Plata,  about  3  miles  to  the  north. 
Not  many  years  ago  this  place,  like  Como,  gave  promise  of  being  a  flourishing  mining- 
town.  There  still  remain  a  fine  stone  and  brick  foundation  and  chimney  of  a  large 
mill  which  was  stopped  in  the  building.  A  second  mill  was  erected  in  Black  Rock 
Cation,  near  by,  about  the  same  time.  Now  the  place  has  reverted,  to  a  pasture-ground 
for  sheep  and  cattle.  There  are  two  small  springs  of  water,  one  in  an  old  tunnel  near 
the  mill,  and  another  half  a  mile  to  the  north. 

Crossing  Fairview  Valley  we  found  quantities  of  bunch-grass.  The  altitude  of  the 
volley  is  but  4,000  feet,  and  it  is  a  good  wiuter  range  for  cattle;  in  summer  there  is  no 
water.  The  drainage  is  toward  the  Humboldt  salt-deposit,  which  is  in  the  northern 
part  of  this  valley.  To  the  south  and  in  the  upper  portion  of  the  valley  there  is  a  large 
barren  flat.  At  West  Gate  there  is  a  single  house  where  travelers  can  be  accommo- 
dated. Good  water  is  obtained  from  a  well.  The  telegraph  office,  until  recently  estab- 
lished here,  has  been  discontinued. 

We  remained  at  this  camp  about  a  week,  during  which  time,  trips  were  made  into  the 
adjacent  country.  One  was  by  the  Ellsworth  freight-road  as  far  as  Tyler's  Station,  or 
Chalk  Well,  so  called  from  the  chalky  appearance  of  the  water,  which  does  not  rise 
more  than  a  few  feet  in  the  well.  To  return  to  West  Gate  we  followed  a  road  which 
connects  these  places,  but  makes  a  detour  through  East  and  Middle  Gates. 

A  station  was  occupied  near  Chalk  Well,  on  the  west  side  of  which  is  a  small  spring. 
At  East  Gate  there  is  running  water  and  a  small  vegetable-farm,  the  nearest  market  to 
which  is  Ellsworth,  28  miles  distant.  An  old  road  crosses  the  Desatoya  Range  here 
from  Putnam  Creek.  It  was  made  by  Captain  Simpson,  in  1859,  in  his  outward  route. 
(East  Gate  was  called  by  him  the  Gate  of  Gibraltar,  and  the  Desatoya  Range  the  Se- 
daye  or  Lookout  Mountains.)  Following  the  water-course  toward  West  Gate,  water 
rises  to  the  surface  at  White  Rock.  Here,  at  the  junction  of  Captain  Simpson's  two* 
roads,  a  station  was  built.  The  fork  to  the  north,  which  he  followed  on  his  return 
route,  crosses  the  Desatoya  Range  by  Edwards  Creek  Pass,  and  this  one  was  afterwards 
used  for  travel.  From  White  Rock  our  route  was  through  Middle  Gate,  where  water 
again  was  found  at  the  surface,  and  thence  to  West  G*te. 

Tery  little  wood  is  to  be  found  in  the  vicinity,  tho  nearest  to  the  station  being 
about  11  miles  distant  on  the  east  slope  of  the  Fairview  Range.  This  range  is  remark- 
able for  the  scarcity  of  water  about  it;  although  the  peaks  rise  iu  even  slopes  more 
than  4,0)0  feet  above  the  Fairview  Valley,  and  some  wood  and  grass  abound,  yet  no 
running  water  was  found.  A  dry  camp  had  to  be  made  for  the  ascent  of  the  highest 
peak.  The  formation  at  its  summit  is  a  flaky  shale.  One  large  spring  is  reported  on 
the  east  slope  of  the  range  and  to  the  south  of  this  peak. 

A  number  of  cattle  range  the  country  and  seem  to  subsist  well,  though  the  pasture 
is  undoubtedly  scant.  It  is  believed  the  animals  accustom  themselves  to  remain  a 
long  time  without  water.  In  known  cases  they  come  to  water  at  intervals  of  from 
thirty-six  to  forty -eight  hours,  and  as  soon  as  their  thirst  is  satisfied  start  off  to  the 
hills  again. 

From  West  Gate  the  road  by  Cold  Springs,  &c,  was  followed  to  Patterson  Ranch,  on 
Edwards  Creek,  while  a  small  party  made  a  detour  to  the  north,  towards  Grant  Peak. 
We  ascended  along  Bench  Creek,  a  small  but  constant  stream  running  to  the  foot-hills. 
Wood  was  plenty  along  it.  Good  pasture-land  was  found  about  the  summit,  there 
being  a  plateau  of  gra«s-land  to  the  south  of  the  peak.  We  camped  one  night  near  the 
summit  to  take  observations  for  azimuth  from  the  peak.  Thence  we  followed  a  trail 
that  descends  very  abruptly  to  Cherry  Valley,  in  the  range,  3  miles  to  the  north  of  the 

Eeak.  In  this  valley  and  its  surroundings  several  hundred  bead  of  horses  ran^e,  in  a 
alf-wild  state.  At  Clan  Alpine,  which  is  near  the  mouth  of  the  cnfiou  drain  from 
Cherry  Valley  into  Edwards  Creek  Valley,  there  is  a  small  agricultural  settlement.  A 
mill  erected  by  a  mining  compauy  which  commenced  operations  here  some  years  since  is 
now  used  as  a  barn.  We  crossed  the  valley  to  Patterson's,  directly  opposite.  A  second 
observation  for  azimnth  in  connection  with  Grant's  Peak  was  made  at  Patterson's,  the 
tent  in  camp  having  been  previously  sighted  from  the  peak.  From  Patterson  two  roads 
lead  to  Austin ;  the  one  to  tBe  north,  with  the  telegraph  line,  goes  by  New  Pass  Mount 
Airy,  and  Jacobs vi lie,  and  was  the  road  last  used  by  the  stage  company;  the  other  is  by 
way  of  Edwards  Creek,  Smith  Creek,  and  Emigrant  Pass,  and  thenoe  several  roads 
cross  Reese  River  Valley  to  Austin. 

The  Desatoya  Range  being  next  in  order,  we  proceeded  to  work  up  its  topography 
from  New  Pass  south  to  the  drainage  of  Putnam  Creek.    In  the  mountains  there  is 

80  £ 
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plenty  of  water.  It  is  fonnd  in  nearly  all  the  cations  on  the  west  side,  between  Gib- 
raltar Creek  at  East  Gate  and  Edwards  Creek.  Cedar  Creek,  next  south  of  Edward's 
Creek,  was  meandered  iu  ascending  the  highest  peak  from  Patterson's.  Edward's 
Creek,  and  the  road  along  it,  and  through  the  pass  to  Smith's  Creek,  were  meandered  by 
Mr.  Cowles.  On  the  east  side  of  the  range  the  two  important  drains  are  Smith's  Creek 
and  Putnam  Creek  flowing  into  Smith's  Creek  Valley,  but  both  sink  soon  after  leaving 
the  foot-hills.  On  Smith's  Creek  a  quantity  of  land  is  under  cultivation.  We  were 
encamped  upon  it  for  several  days,  at  A.  Maestretti's  Ranch,  who  has  title  to  the  water- 
right  of  the  stream.  The  land  lias  not  yet  been  Beet  ionized  by  the  land-survey.  Set- 
tlers already  located  have,  however,  the  first  right  to  purchase  when  the  land  is  opened 
for  sale.  The  country  drained  by  these  two  streams  affords  a  range  for  cattle  that  iu 
the  summer  season,  I  think,  can  scarcely  be  surpassed  iu  the  State,  and  generally  the 
winters  are  not  too  severe  to  pass  in  Smith's  Creek  Valley.  This  valley  is  at  au  eleva- 
tion of  6,000  feet  above  the  sea-level.  Two  years  since  there  was  so  much  snow  that 
it  was  necessary  to  feed  hay  to  the  cattle.  This  with  a  very  large  herd  is  impracticable, 
and  in  that  winter  a  number  of  valuable  cattle  perished.  Fairview  Valley,  to  the  west, 
is  2,000  feet  lower,  and  there  cattle  can  range  throughout  the  winter.  Putnam  Creek 
was  meandered,  and  the  return  trip  made  by  the  flat  in  Smith's  Creek*Valley.  On  the 
western  side  of  this  flat  is  a  number  of  hot  springs.  There  are  about  twelve  of  these. 
The  openings  are  circular,  and  descend  in  a  conical  shape — some  of  them  apparently 
6  feet  deep.  I  had  not  with  me  a  thermometer  reading  more  than  124°,  and  could  not 
tell  the  temperature,  which  was  far  above  the  indication  of  my  thermometer.  The 
water  was  quite  clear;  the  flow  very  small.  Bubbles  rose  at  intervals  to  the  surface. 
A  piece  of  buckskin  held  in  the  water  was  almost  at  once  acted  noon,  and  when  takeu 
out  was  twisted  and  Ht  iff  and  appeared  like  raw-hide.  The  circumferences  varied  from  a 
few  inches — mere  openings — to  one  3  feet  across,  which  was  the  largest.  There  is  little 
or  no  deposit,  but  some  green  and  black  to  red  fungus.  The  springs  were  in  one  line, 
extending  north  and  south  about  100  yards,  on  a  slight  ridge,  and  on  the  slopes  of 
which  a  little  grass  was  growing.  There  were  a  number  of  cold  springs,  too,  inter- 
mingled with  the  hot,  but  none  of  them  had  any  flow,  the  water  remaining  at  one  level, 
and  the  springs  trampled  by  cattle,  so  that  there  appeared  no  opening  in  the  bottom 
of  them,  as  in  the  case  of  the  hot  springs. 

Two  springs,  the  water  of  which  is  quite  warm,  are  found  about  6  miles  to  the  north 
of  them  in  this  valley  ;  the  cattle  drink  freely  of  their  water.  The  barren  flat  in  this 
valley  covers  nearly  20,000  acres  of  land.  White  sage  grows  on  the  slopes  to  the  hills ; 
of  this  the  cattle  are  very  fond.  At  this  season  of  the  year  (October)  there  is  no  water 
in  the  valley.  Simpson,  in  the  spring  of  1859,  speaks  of  alake  being  there,  and  also  of 
a  considerable  stream  (Euglemau  Creek)  flowing  between  Smith's  and  Putnam  Creeks. 
This  creek  was  not  to  be  seen.  • 

From  Smith's  Creek  Mr.  Spiller  proceeded  along  the  foot-hills  to  the  north,  to  make  a 
station  iu  the  range  south  of  New  Pass;  afterward  to  join  the  northern  road  and  follow 
it  to  Mount  Airy,  and  thence  to  an  appointed  rendezvous  at  Kirchitu's  ranch,  on  Reese 
River.    The  rest  of  the  party  followed  the  southern  road,  which  led  to  the  same  point. 

This  camp  was  10.7  miles  southwest  of  Austin.  W*  remained  there  several  days 
duplicating  and  arranging  the  notes  of  the  party.  Austin  was  visited,  and  Mount 
Prometheus,  near  there,  occupied.  We  are  indebted  to  Mr.  Melville  Curtis,  engineer  of 
the  Manhattan  Mining  Company,  for  the  bearings  and  distance  to  connect  this  point 
with  an  astronomical  monument  previously  established  at  Austin  by  this  survey.  The 
Reese  River  Valley  presented  a  good  base  of  operations  for  completing  the  su  rvey  of 
the  eastern  portion  of  our  area,  the  same  purpose  that  the  Carson  River  and  old  over- 
land road  with  its  water-stations  had  served  in  our  route  eastward. 

The  valley  of  the  river  here  lies  between  the  Toyabe  Range  on  the  east  and  the 
Shoshone  on  the  west.  The  Toyabes  rise  above  11,700  feet  and  the  Shoshone  about 
10,000  feet.  The  two  ranges  converge  at  the  head  of  the  valley  and  range  south  into 
the  desert,  while  the  Toyabes  to  the  north  of  latitude  39°  30',  and  the  Shoshone  north 
of  39°  15'  decrease  in  altitude  and  have  little  water.  The  river  rises  in  the  Toyabes, 
about  latitude  38°  45',  and  flows  to  the  north.  A  second  source  is  from  copious  springs, 
in  the  valley  a  few  miles  south  of  Birchim's,  forming  a  branch  that  soon  unites  with 
the  other.  The  river-bed  crosses  the  Central  Pacific  Railroad  at  Battle  Mountain 
Station,  near  which  place  it  joins  the  Humboldt  River;  water  nearly  flows  to  its 
month.  The  ranges  are  well  wooded,  and  some  of  the  trees  are  fit  for  timber,  but  the 
growth  is  generally  stunted.  None  of  the  canon-streams  of  the  Shoshone  reach  the 
river.  The  soil  of  the  valley  is  much  impregnated  with  alkali ;  toward  the  upper  part 
of  the  valley  is  a  number  of  grain-ranches ;  barley  is  principally  raised,  the  past  feoson 
being  an  exceptionally  prosperous  one.  The'  lower  ranches  on  the  river  are  adapted 
to  making  hay. 

Mr.  Spiller  was  assigned  to  work  np  the  topography  of  the  Toyabe  Range.  He  en- 
tered the  range  by  way  of  Big  Creek,  occupied  Geneva  Peak,  and  then  worked  south- 
ward to  latitude  39°.  Once  crossing  into  Big  Smoky  Valley  by  Kingston  Cafion,  and 
then  recrossiug  the  range  to  Washington,  he  finally  rejoined  the  party  at  McMahon's 
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Ranch.  From  this  place  he  made  a  trip  to  PostoD  Peak,  at  the  headwaters  of  Reese 
River.  In  this  range,  from  Prometheus  to  Poston,  a  distance  of  AS  miles,  six  prom- 
inent peaks  were  occupied.  Severe  weather  was  encountered  by  that  party,  with 
snow-storms  and  cold.  Especially  on  Poston  Peak  the  party  suffered  severely;  there 
Mr.  Spiller  had  both  ears  badly  frozen.    This  work  occupied  twenty  days. 

In  the  mean  time  the  party  moved  up  Reese  River  Valley.  The  road  from  Austin  to 
lone  was  meandered  throughout.  From  Elkhorn  the  pack-train  went  to  Washington, 
in  the  Toyabe  foot-hills,  to  resupply  Mr.  Spiller's  parry.  With  Mr.  Cowlcs,  I  made  a 
trip  of  six  days  into  the  Shoshone  Mountains.  We  recro»sed  the  valley  to  Washington, 
and  then  proceeded  to  McMahon's,  to  rendezvous  with  the  other  party.  In  the  Sho- 
shone Range,  from  Monnt  Airy  south  to  lone  Pass,  a  distance  of  40  miles,  seven  prom- 
inent points  on  the  main  divide  were  occupied. 

The  party  was  uow  ready  to  move  westward,  through  the  southern  portion  of  our 
area,  with  the  object  in  view  to  complete  the  survey  of  the  area  in  a  north  and  south 
direction  as  we  moved.  At  our  camp  at  McMabon's  we  separated  as  usual,  the  next 
rendezvous  being  appointed  at  Ellsworth.  Mr.  Spiller,  Private  Niver,  and  myself 
formed  one  party.  Our  route  led  us  a  secoud  time  to  lone.  This  is  a  mining-town  on 
the  western  slope  of  the  Shoshone  Mountains,  a  little  touth  of  latitude  39°  30'. 

The  mines  have  been  opened  for  some  y»ars,  and  promised  well  when  first  opened. 
For  several  years  back  little  work  has  been  done  in  them.  New  capital  at  this  time 
was  awakening  the  place  to  a  good  deal  of  activity.  The  same  may  be  said  of  the 
town  of  Ellsworth,  across  the  valley  to  the  west;  here,  however, new  discoveries  were 
also  being  made.  From  lone  we  crossed  the  lone  Valley  in  a  southwesterly  direction, 
to  Antelope  Springs,  in  the  Mammoth  Mountains.  This  valley  is  but  an  extension 
south  of  the  Smith's  Creek  Valley,  the  divide  between  them  being  very  low.  The 
Mammoth  Range,  here  so  called,  is  but  an  extension  of  the  Desatoya  Range.  Paradise 
and  Park  Peaks,  south  of  Ellsworth,  were  occupied.  The  range  is  not  high,  but  there 
is  an  abundance  of  wood  and  a  number  of  springs.  lone  Valley,  east  of  it,  is  without 
water ;  but  it  drains  well  to  the  south,  and  gives  some  pasturage  instead  of  barren  flats. 
To  the  west  the  range  falls  abruptly  to  barreu  foot-hills  and  the  Hot  Springs  Valley 
with  its  alkaline  fla*.  The  difference  of  level  between  lone  Valley  and  Hot  Springs 
Valley  is  about  2,000  feet,  the  same  as  observed  to  the  north  between  Smith's  Creek 
Valley  and  Fairview  Valley.  The  same  range  forms  the  dividing  line,  but  on  the  west 
the  two  valleys  do  not  run  into  each  other,  as  do  Smith's  Creek  and  lone,  but  a  con- 
siderable range  of  hills  running  east  and  west  separate  Hot  Springs  and  Fairview 
Valleys. 

This  Mammoth  Range  is  a  very  distinct  line  of  demarkation  between  the  country 
to  its  west  a<  d  that  to  the  east  between  latitude  38°  40'  and  39°  30'.  The  type  of 
country  westward  extends  as  far  as  Mason  Valley,  and  to  the  Como  Range.  The  Carson 
River,  in  its  lower  part,  struggles  through  it.  Apparently  finding  itself  baffled  in  its 
westerly  course,  the  desert  turns  off  to  the  north,  to  absorb  the  wafers  of  the  Hum- 
boldt and  Truckee  Rivers.  The  type  is  a  country  whose  valleys  are  alkaline  flats,  and 
whose  mountains  are  low,  igneous  hills,  without  wood  and  with  very  little  water. 

From  McMahon's  the  remainder  of  the  party  bad  returned  along  the  Reese  River 
Valley  and  crossed  the  Shoshone  Range  to  Petersen's  Ranch,  in  Smith's  Creek  Valley, 
and  thence  proceeded  south  through  lone  Valley  to  Ellsworth.  Ellsworth  is  teverai 
miles  from  the  summit  of  the  range,  and  on  the  eastern  slope.  The  first  mines  were 
worked  about  the  site  of  the  town.  The  impetus  now  at  work  is  derived  from  mines 
on  the  western  or  exposed  slope  of  the  range.  A  new  town,  called  Summit  City,  is 
being  built  at  the  Bummtt,  and  near  these  mines.  At  present  water  must  be  hauled 
there,  but  it  can  be  brought  in  pipes  from  a  spring  at  no  great  distance. 

From  Ellsworth,  Chalk  Well  was  revisited,  to  complete  the  survey  of  the  rreight- 
road  from  West  Gate.  Our  next  camp  after  Ellsworth  was  at  Welsh's  Spring,  near  the 
mouth  of  Marble  Falls  Canon,  and  at  the  base  of  the  bluffs  on  the  west  side  of  the 
range.  It  is  but  5£  miles  from  Ellsworth.  About  34  miles  across  the  small  valley,  west 
of  this  spring,  is  the  Illinois  mine,  the  principal  one  of  the  new  mining  district  of 
Lodi. 

At  Ellsworth,  I  engaged  an  Indian  gnide  to  take  a  small  party  throngh  the  very 
dry  country  lying  between  West  Gate  aud  Hot  Springs  Valley.  Mr.  Spiller,  the  guide, 
one  packer,  and  myself  composed  the  party.  The  rest  of  the  party  moved  southwest- 
erly to  Hot  Springs  Valley,  and  camped  there  at  some  cold-water  springs,  where  they 
also  found  some  grass  for  the  animals,  but  were  badly  oh!  for  wood.  Our  small  party 
was  out  four  days. 

The  first  day,  after  having  occupied  the  highest  point  in  the  hills  just  west  of  the 
Illinois  miue,  we  marched  northwest  about  9  miles,  and  camped  high  up  on  the  rocky 
slopes  of  a  low  peak  that  was  occupied  a9  a  station  the  following  day.  At  this  camp 
the  water  was  in  a  hole,  under  aud  inclosed  in  the  solid  rock,  and  besides  being  scarce 
was  very  difficult  to  obtain.  The  guide  gave  us  to  understand,  however,  that  in  the 
spring  we  would  find  there  plenty  ot  water.  The  wood  there  was  very  scant  sage-brush. 
Our  second  camp  was  at  a  spring  7  miles  west  of  this ;  this  spring  is  hidden  in  a  flat 
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body  of  rock ;  the  water  was  plenty  for  us,  though  not  abundant.  It  did  not  flow,  bnt 
stood  in  the  sand  of  one  of  the  rocky  ravines.  Here  we  were  a  few  miles  east  of  the  F»ir- 
view  Mountains.  Onr  next  camp  was  at  an  old  arrastra  on  the  west  slope  of  a  peak  we 
called  Slate  Peak.  This  peak  is  in  the  southern  extension  of  the  Fairview  Range,  and 
there  was  noticeable  another  drain  cutting  through  this  range  to  the  north  of  Slate 
Peak,  with  sides  much  more  precipitous,  however,  than  those  of  the  West  Gate  wash 
that  cuts  it  to  the  north.  Noticing  also  that  Fairview  Range  is  a  different  formation 
from  those  in  its  vicinity,  we  can  readily  conclude  that  it  is  much  older.  At  the  arrastra 
referred  to  was  worked  the  first  ore  from  a  mine  supposed  to  be  rich  in  gold ;  the  loca- 
tion is  at  the  head  of  Fairview  Valley.  A  small  mill  (5-stamp)  was  afterward  erected 
in  Hot  Springs  Valley,  where  water  was  obtained  by  sinking  a  well.  Want  of  capital 
is  assigned  as  the  cause  for  quitting  the  work. 

The  mill  is  still  standing  and  nearly  complete.  At  the  arrastra  we  managed  to  obtain 
a  little  muddy  water  by  cleaning  out  the  bottom  of  an  excavation  previously  m*de 
for  that  purpose;  there  were  indications  of  a  spring  during  part  of  the  year.  From 
this  place  we  crossed  the  divide  at  the  head  of  Fairview  Valley  to  Hot  Springs  Valley, 
following  a  road  but  seldom  used  since  the  mine  ceased  to  be  worked.  The  roa  1  led 
to  the  mill.  The  whole  party  then  crossed  the  valley  to  Dead  Horse  Well,  on  the  west 
side  of  the  val  ey. 

There  is  a  copious  flow  of  water  from  the  Hot  Springs,  in  the  eastern  part  of  the 
valley;  the  water  is  too  hot  to  bear  the  band  in  it.  The  deposit  is  like  that  of  the 
springs  in  Smith's  Creek  Valley. 

The  alkali  flat  in  this  valley  contains  about  14,000  acres.  It  is  rich  in  borax,  and 
has  been  worked  to  some  extent.  At  Dead  Horse  Well  observations  for  azimuth  were 
taken,  in  connection  with  Basalt  Peak  near  by,  which  was  occupied  as  a  primary  trian- 
gulation-station.  Belleville  is  south  of  Dead  Horse  Well,  about  50  miles  distant.  There 
are  several  wells  at  this  place  and  an  abundant  supply  of  tolerably  good  water.  Our  route 
thence  was  north,  along  the  Belleville  and  Wadsworth  freight-road,  to  Sulphur  Spring, 
in  the  Sand  Spring  flat,  31.7  miles.  The  road  is  along  the  west  slope  of  the  Sand  Spring 
Range,  and  there  is  no  water.  At  one  of  the  stations  (Deep  Hollow)  water  is  sold  for 
f  1.50  per  barrel ;  it  is  hauled  a  distance  of  14  miles,  from  Dead  Horse  Well.  Salt  Well  is  a 
station  three  miles  short  of  Sulphur  Spring,  but  the  water  of  the  well  is  not  fit  for  drink- 
ing purposes. 

The  Sand  Spring  flat  covers  an  area  of  20,000  acres ;  it  opens  on  the  northwest  to  the 
Carson  Slough ;  the  divide  i s  scarcely  perceptible.  The  soil  is  wet,  and  water  stands  in 
the  lowest  part. 

The  water  at  Sulphur  Spring  is  not  very  good.  Drinking-water  is  bronght  from  the 
slough,  10  miles  distant.  There  is  a  station  at  the  spring.  The  wood  used  is  brought 
about  50  miles,  by  the  return  freight-teams  from  Belleville. 

In  the  Sand  Spring  Range,  nine  pjiuts  were  occupied,  from  Tarogqua  south  to  Basalt, 
44  miles.  We  next  moved  by  the  southeast  of  Carson  Lake  to  Allen's  Springs.  Tnese 
are  the  calcareous  springs  spoken  of  by  Simpson  in  1859.  At  the  southwest  of  Carson 
Lake  there  is  a  large  area  ot  porous  alkaline  ground,  that  is  but  little  raised  above  the 
surface  of  the  lake,  aud  comparatively  recent  beach-marks  indicate  the  more  modern 
overflows  of  the  water. 

Our  next  rendezvous  was  appointed  in  Mason  Valley.  Mr.  Spilier,  with  the  train, 
proceeded  south  to  Walker  River,  crossed  it  at  the  old  Indiau  agency,  aud  thence 
moved  along  the  road  to  Lee's  Mill.  With  Mr.  Cowles  and  one  packer  I  returned  to 
Carson  Lake  and  camped  on  its  southwest  shore,  near  the  ruins  of  an  old  station.  The 
tules  said  to  be  here  formerly  are  entirely  gone.  We  had  to  carry  an  old  telegraph- 
pole  about  half  a  mile  to  camp  to  make  our  tire ;  there  was  no  drift-wood.  The  tele- 
graph line  formerly  here  now  passes  through  R  tgtown,  &o.  The  mules  would  not 
drink  the  water  of  the  lake,  even  after  they  had  been  without  water  for  more  thau  24 
hours.  The  lake  was  swarming  with  water-fowl.  From  here  we  followed  the  old  road 
west,  past  Houton  Well,  (now  deserted,)  to  Bnckland'n,  where  had  beeu  our  second 
camp  out  from  Carson;  thence  we  proceeded,  by  the  good  wagon-road,  to  Misoq  Val- 
ley. The  Hot  Springs  in  the  northern  part  of  this  valley  have  been  long  known.  I 
here  observe  that  there  is  an  east  and  west  water-shed  extending  across  our  whole  area 
from  the  Toyabe  Range,  and  extending  to  the  Sierras.  St  irtiug  around  the  head  of 
Reese  River,  it  joins  the  Shoshone,  then  divides  Smith  Creek  and  lone  Valleys,  and  so 
continues  to  the  west,  abont  the  latitude  39°  15'.  It  finally  forms  the  divide  between 
the  Carson  and  Walker  Rivers.  It  is  most  marked  south  of  the  West  Gate  Wash,  the 
Farview  Valley,  aud  Carson  Lake  to  Buckland's. 

To  follow  from  the  mouth  of  Churchill  Cafton  the  broad  open  drain,  one  will  be  sur- 
prised to  find  that  it  separates  from  the  canon  about  4$  miles  from  the  Carson,  aud 
coutinues  with  a  very  slight  rise  to  the  divide  between  the  Carson  aud  Walker  Rivers, 
and  from  this  divide  to  the  valley  of  Walker  River.  The  drain  continues  the  same; 
indeed  the  summit  cannot  be  perceived  in  traveling.  Our  barometric  observations 
show  a  constant  rise  from  the  mouth  of  Churchill  Canon  south  through  this  drain  to 
Walker  River.    It  would  seem  to  indicate  that  there  had  been  a  connection  at  one 
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time  between  the  waters  of  the  two  rivers.    It  certainly  presents  a  very  easy  pass  from 
one  river  to  the  other. 

From  Lee's  Mill  we  marched  in  two  days  to  Carson  City,  following  a  new  road  re- 
cently established  between  Dayton  and  Mason  Valley.  We  arrived  at  Carson  on  the 
evening  of  the  26th  November,  when  I  reported  to  Lieutenant  Tillman.  Mr.  Spiller 
made  a  trip  from  Carson  to  Mount  Rosa  and  return  before  going  East. 

MINING  DISTRICTS. 

Fonr  mining  districts  in  operation  were  visited.  Austin,  next  to  Virginia  City,  is 
the  center  of  the  most  prosperous  mining  district  in  Nevada.  The  Manhattan  Silver 
Mining  Company,  owning  several  tine  mines  and  a  good  mill,  is  now  doing  the  princi- 
pal work,  aud  is  in  active  operation.  A  full  report  of  this  district  has  been  made 
by  Clarence  King. 

UNION  MINING  DISTRICT. 

This  district  has  been  established  abont  thirteen  years.  The  first  discoveries  were 
made  by  A.  J.  McGee.  It  was  at  first  worked  actively  about  eighteen  months,  and  iu 
May,  1876,  active  operations  agaiu  commenced.  The  present  recorder  is  James  F. 
Duckett.  The  post  office  is  Ioue  City,  Nye  County,  Nevada  ;  George  W.  Veatch,  post- 
master. A  blackboard  runs  weekly  from  Austin,  Nev. ;  the  distance  is  514  miles.  The 
nearest  railroad  communication  is  Wadsworth,  on  the  Central  Pacific  Railroad,  129 
miles  distant.  The  district  extends  12  miles  north  and  south,  and  6  miles  east  and 
west,  with  the  foot-bills  of  the  range.  The  north  line  is  about  three-fourths  of  a  mile 
north  of  lone.  The  mineral  belt  is  from  one-half  to  three-fourths  of  a  mile  wide,  and, 
running  with  the  longer  line  of  the  district,  crops  out  at  intervals  through  the  12 
miles.  Croppings  show  both  iu  canons  and  upon  spurs  on  the  west  slope  of  the 
range,  aud  about  one-third  of  the  distance  from  the  summit  to  the  foot-hills.  The 
rauge  trends  north  and  south  ;  the  lodes  have  the  same  direotion,  and  dip  to  the  north- 
east, uniformly  with  the  country-rock.  The  walls  ar«*  covered  in  place-*  with  a  thin 
seam  of  white  clay,  and  these  give  the  richest  deposits.  Vegetable  impressions  have 
been  found,  but  no  fossils.  Chloride  is  the  principal  ore  found ;  it  has  been  worked  by 
crushing  dry  and  roasting.  The  water-level  has  not  been  reached  in  the  mine.  The 
ore  contains  a  good  deal  of  iron,  and  some  lead  and  antimony.  Gold  is  found  in  all 
the  ore,  generally  in  paying  quantities.  The  principal  mines  now  worked  are  the 
Storm  King  and  the  Clipper.  The  first  is  being  worked  by  the  Ural  Silver  Mining  Com- 
pany ;  an  incline  has  been  run  350  feet,  with  two  levels  several  hundred  feet  iu  length  ; 
the  amount  of  good  ore  in  sight  is  uot  great.  In  connection  with  this  mine  a  shaft 
is  being  snnk,  several  hundred  yards  from  the  ledge,  to  strike  the  incline  at  a  depth 
of  about  800  feet,  if  the  incliue  continues  with  its  present  pitch.  This  company  is 
also  putting  up,  a  few  miles  south  of  lone,  a  fine  mill  with  capacity  for  20  stamps. 
A  revolviug  furnace  (White)  will  be  used,  and  improved  machinery  throughout.  At 
the  present  writing,  it  should  be  completed.  In  the  Clipper  mine  several  inclines  have 
been  run,  a  small  force  was  at  work,  and  gold  has  been  taken  from  it ;  the  work 
was  not  on  the  veiu  at  the  time.  Some  fifteen  other  mines  are  considered  iu  favor- 
able condition  for  working;  on  all  of  them  a  considerable  amount  of  labor  has  been 
expended. 

The  Pioneer  Mill,  owned  by  James  M.  Cammack,  is  in  the  town  of  lone ;  it  has  been 
idle  for  some  time.  It  has  a  fine  engiue,  and  the  reverberatory  furnaces  used  for  roast- 
ing the  crushed  ore  are  in  good  condition.  The  stamps  are  out  of  order.  When  first 
opened  the  mines  were  found  to  contain  pockets  of  rich  chloride,  aud  paid  well. 

Two  veins  run  with  the  mineral  belt,  aud  the  excavations  made  show  them  to  be 
extended.  The  value  of  the  ore  extracted  is  claimed  to  have  far  exceeded  the  amount 
expended  on  the  mines.  The  ore  will  generally  be  easily  extracted  by  incliues  and 
levels  run  on  the  veins.  Wood  is  abundaut,  and  there  is  a  ruuning  stream  at  Ioue. 
The  cost  of  freight  from  the  railroad  is  2£  cents  per  pound. 

MAMMOTH   MINING  DI8TRICT. 

The  first  discoverers  were  R.  B.  Craig  and  James  Donelly.  It  was  organized  De 
cember  23,  1863,  and  has  been  worked  with  more  or  le$s  vigor  since  that  time.  Patrick 
Downey  is  recorder.  The  post  office  is  Ellsworth,  Nye  County,  Nevada. ;  P.  O.  Tyler, 
postmaster.  The  route  of  the  bnckboard  from  Austin,  through  lone,  terminates  here. 
The  freight- route  is  from  Wadsworth,  on  the  Central  Pacific  Railroad,  about  110  miles 
distant ;  freight  from  Wadsworth  is  2£  cents  per  pound ;  returning,  the  price  is  1±  cents 
per  pound. 

Willow  Spring,  a  short  half  mile  west  of  the  town,  is  the  center  of  the  district ;  from 
this  point  to  the  center  of  the  bounding  lines  north,  south,  east,  and  west,  is  5  miles. 
The  area  of  the  mineral  croppings  is  about  one-half  mile  wide  by  3$  long,  the  longer 
line  crossing  the  Mammoth  Range  east  and  west,  and  the  mines  are  located  on  both  side 
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of  it.  The  range  trends  north  and  south  ;  the  lodes  on  the  east  trend  north  and  Routh, 
and  those  on  the  west,  northeast  and  southwest.  The  eastern  slopes  are  gentle,  and 
there  the  discoveries  are  in  the  foot-slopes,  and  adjacent  to  the  town.  The  country- 
rock  is  granite.  None  of  the  mines  there  are  being  worked.  The  Mount  Vernon  mine 
was  mo*t  extensively  developed,  and  is  considered  valuable.  It  is  now  flooded  with 
water,  which,  in  the  granite,  is  reached  at  100  feet. 

On  the  western  slope  the  strata  are  much  exposed,  the  descent  being  very  abrupt. 
The  discoveries  range  through  about  1,000  feet  in  altitude,  commencing  near  thesnmmit, 
and  extending  a  little  more  than  halfway  dowu  the  slope.  The  deposits  are  richest  in 
the  slate  and  limestone.  A  metainorphic  rock  also  abounds.  The  Last  Chance,  Grant 
and  Colfax,  aud  Canada  mines,  on  all  of  which  work  was  being  done,  are  in  the  same 
belt  of  rock.  It  is  about  600  feet  wide,  and  cuts  across  the  couutry-rock.  The  Lisbon 
mine,  also  on  this  slope,  has  been  worked  to  a  considerable  extent.  The  Last  Chance 
may  be  taken  as  a  sample  of  the  tirst  three  ;  it  has  three  shafts  or  inclines,  respectively 
100  feet,  133  feet,  and  40  feet,  with  about  70 feet  of  levels,  run  on  the  vein.  The  hang- 
ing wall  is  a  seam  of  indurated  clay,  about  4  feet  thick,  the  foot-wall  slaty  limestone; 
barren  horses  of  slaty  limestone  occur  at  intervals,  bnt  the  continuity  of  the  vein 
seems  well  established.  The  ore  is  principally  chloride,  with  a  little  iron,  and  traces 
of  copper.  Assays  show  its  value  to  range  from  $(>*S  to  $236  per  ton,  with  an  estab- 
lished average  of  over  $80  to  the  ton.  The  dip  is  southwest ;  the  inclination  to  60  feet 
is  75° ;  below  that,  as  far  as  developed,  it  is  £5°.  The  Grant  and  Colfax  has  a  shaft  of  60 
feet,  with  a  level  of  40  feet  on  the  ledge,  and  a  tnnnei  has  been  rnn  100  feet,  that  will 
reach  the  ledge  110  feet  farther  on.  The  Canada  has  a  tunnel  run  35  feet  on  the  ledge. 
These  three  mints  have  been  actively  worked  since  their  discovery,  which  is  recent. 
The  ore  will  be  easily  extracted  ;  its  transportation  to  the  mill,  which  must  be  on  the 
eastern  slope,  to  be  convenient  to  water,  will  be  a  matter  of  some  difficulty.  It  is  con- 
templated to  build  a  wagon-road  ;  it  can  be  graded  to  the  summit  in  about  1  mile. 
This  would  give  a  grade  of  about  450  feet  from  the  summit  to  Ellsworth';  where  the 
mill  is  to  be  situated,  the  distance  would  be  about  4  miles,  with  an  easy  grade.  Mr. 
W.  H.  Raymond,  of  Oakland,  Cal.,  is  negotiating  for  the  Last  Cbauee  mine,  and  it  is 
expected  to  shortly  erect  a  new  mill  at  Ellsworth.  The  one  already  there  is  a  lO-stanip 
mill,  with  Stedefelt  furnace,  750-pound  stamps,  an  engine  of  40-horse  power,  and  with 

2  settlers  and  5  pans.  Wood  is  abundant  and  convenient,  aud  there  are  uufailing 
springs  just  above  the  town.  Gold  is  found  in  the  ore,  and  said  to  average  from  $10 
to  $15  to  the  ton.    The  indications  of  increased  prosperity  for  this  district  are  good. 

LODI  MINING  DISTRICT 

Was  discovered  by  F.  M.  Pearson,  A.  Welsh,  and  J.  H.  Williams,  and  was  organized  in 
September,  1875.  It  has  been  actively  worked  since  that  time.  The  recorder  is  Joel 
Holden.  EHsworih  is  the  post  office.  From  Wadswonh  the  distance  .is  about  100 
miles;  the  road  to  within  10  miles  of  Lodi  being  identical  with  that  to  Ellsworth  and 
lone.  Tbe  district  is  bounded  on  the  east  by  Mammoth  district,  south  by  the  old 
Wellington  road,  west  by  the  Hot  Spring  Range,  and  north  by  the  Wadsworth  road. 
The  principal  ledge  is  situated  ou  the  east  slope,  and  at  the  eastern  extremity  of  a 
somewhat  detached  group  of  bills,  but  which  have  here  a  ridge  extending  several 
miles  east  and  west.  Lodi  Peak,  the  highest  point,  is  6,486  feet  above  sea-level,  aud 
1|  miles  west  of  the  ledge.  This  ledge  trends  a  little  we*t  of  north,  and  the  mineral 
croppings  show  an  area  about  1  mile  long  by  300  feet  broad.  The  walls  are  nearly 
perpendicular,  being  an  exceedingly  hard  black  rock,  apparently  a  fissure,  retaining 
well  its  width.  The  richest  deposit  is  found  where  the  ore  vein  contracts  to  a  couple 
of  feet,  the  remainder  of  the  fissure  being  here  filled  with  a  loose,  friable,  yellow- 
colored  rock.  The  ore  is  carbonate.  It  contains  about  7  per  cent,  of  antimony,  a 
good  deal  of  iron,  and  about  25  per  cent,  of  lead-carbonate.  The  assays  give  about 
$15  to  the  ton  in  gold.  The  Illinois  mine  on  this  ledge  has  one  shaft  60  feet,  and 
another  90  feet,  deep,  on  tbe  ve»n.  In  the  latter  shaft  is  a  drift  20  feet  north,  at  a 
depth  of  60  feet.  Several  locations  1  ave  been  made  on  the  extension  of  this  mine. 
The  Lodi  mine,  northwest  cf  this  ledge,  has  a  shaft  115  feet  deep,  with  a  cut  across  the 
ledge  at  60  feet;  its  walls  are  perpendicular,  and  trend  east  and  west.  From  the  Illi- 
nois mine  about  $20,000  worth  of  ore  has  been  shipped  to  San  Francisco;  a  quantity 
of  this  assaying  $;">0U  to  the  ton.  The  average  of  the  assorted  ore  is  $300  to  the  tou. 
This  mine  has  also  beeu  purchased  by  Mr.  Raymond.  No  mill  has  been  erected  as  yet. 
The  shafts  and  drifts  will  be  run  in  the  vein  matter.  There  is  no  water  near  the 
mines.  Two  springs,  Welsh  nnd  Wilkinson,  are  on  the  opposite  side  of  the  valley 
which  separates  the  Lodi  hills  from  the  Mammoth  Range;  they  are,  respectively,  about 

3  and  3^  miles  from  the  Illinois  mine,  in  a  direct  1  ne.  The  highest  one  is  90  feet  above 
the  level  of  the  mine.  The  lowest  (Welsh)  is  about  the  level  of  the  mine.  Timber 
could  be  obtained  from  the  Mammoth  Range.  On  this,  tbe  west  side,  however,  the 
timber  only  grows  near  the  summit.  Freight  from  Wadsworth  costs  2±  cents,  and 
returning  1£  cents. 
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There  is  a  large  number  of  cattle  in  the  vicinity  of  these  three  raining  districts. 
For  lone  and  Ellsworth,  the  source  of  grain  and  hay  supply  is  Reese  River  Valley,  and 
this  is  also  the  nearest  point  to  Ellsworth.  Reese  River  Valley  is  distant  abont  8  miles 
from  lone,  17  from  Ellsworth,  and  34  from  Lodi ;  the  distance  to  Lodi  is  largely  in- 
creased by  a  necessary  detour  through  Burnt  Cabin  Summit  to  cross  the  Mammoth 
Range.  From  this  valley,  the  cost  of  forage  at  Lodi,  at  present  prices,  would  not  ex- 
ceed 3i  cents  per  pound  for  barley  and  2  cents  for  hay  ;  at  Ellsworth,  3±  cents  for 
barley  and  1£  cents  for  hay  ;  at  lone,  3  cents  for  barley  and  1£  cents  for  hay. 

It  is  contemplated  to  build  a  narrow-gauge  railroad  from  Buttle  Mountain,  on  the 
Central  Pacific  Railroad,  to  Austin,  Nev.  This  would  make  the  distance  from  railroad 
communication  for  lone  51^  miles,  and  for  Ellsworth,  via  Petersen's  Ranch  and  the 
Lower  Reese  River  Valley,  55  miles.  From  Lodi  to  Austin,  by  the  route  through  the 
valley,  would  be  about  02  miles,  as  against  100  miles  to  Wadsworth.  The  advantage 
in  supplies  of  water,  forage,  and  the  character  of  the  road-bed  would  also  be  in  favor 
of  the  Austin  route. 

Lauder  City  was  built  on  Big  Creek,  about  the  month  of  its  cafion  from  the  Toyabe 
Range;  a  great  deal  of  prospecting  was  done,  but  to  little  purpose,  and  the  place  was 
deserted  for  Austin  when  that  camp  became  prosperous.  A  few  ranches  are  now 
found  along  the  creek. 

Following  up  Big  Creek,  and  crossing  the  range  into  Kingston  Cafion,  we  find  an- 
other old  mining  camp,  on  which  a  great  deal  of  money  has  been  expended.  The  Ster- 
ling Mill,  at  the  mouth  of  this  cafion,  is  held  in  good  order ;  it  is  a  20- stamp  mill,  the 
motive  beiug  furnished  bj  a  turbine  water-wheel.  The  remains  of  two  other  mills,  from 
which  the  machinery  has  been  removed,  are  found  not  far  from  it. 

At  Washington  also  a  camp  was  started,  and  there  is  quite  a  little  village  of  houses, 
all  but  two  of  which  are  now  deserted. 

There  is  no  doubt  that  much  labor,  toil,  and  money  have  been  expended  in  this  conn- 
try  on  worthless  mines.  The  failures,  however,  are  often  due  to  other  causes;  promi- 
nent among  which  are  undue  expectations,  lack  of  facilities  for  transportation  ;  and 
again  in  one  case  a  thriftless  expenditure  of  a  company's  money,  and  in  another  a 
lack  of  means.  These  camps  were  started  at  a  time  when  mining  was  a  rage  in  Ne- 
vada ;  now  it  has  sobered  down  very  much.  The  success  of  Austin,  and  the  undoubted 
fact  that  a  large  quantity  of  mineral  does  exist  in  these  mountains,  must  lead  us  to 
hope  that,  with  proper  care  and  management,  a  future  day  will  see  this  a  prosperous 
mining  region. 

WORK  DONE  BY  THE  PARTY. 

The  party  was  in  the  field  83  days,  and  including  Mr.  Spiller's  trip  to  Mount  Rosa, 
after  our  return  to  Carson,  the  following  will  indicate  the  work  done,  viz : 

Number  of  main  camps ; 29 

Number  of  side  camps 47 

Number  of  miles  meandered  1,073.89 

Number  of  miles  traveled  and  not  meandered 633.  42 

Number  of  mountain  stations  occupied  with  a   10- inch  or  20-iuch  instru-  * 

ment 22 

Number  of  topographical  stations  occupied,  being  either  included  in  the 

triangulation  or  three  point  stations,  with  30-inch  instrument 70 

Number  of  additional  three-point  stations 244 

Number  of  aneroid-barometer  stations 501 

Number  of  cistern  barometer  stations 104 

Number  of  variations  determined  by  observations  on  Polaris 27 

Number  of  azimuths  determined 3 

Number  of  latitudes  determined  by  sextant 30 

A  great  number  of  points  were  fixed  by  cross-bearings,  care  being  taken  in  this  re- 
spect with  regard  to  every  topographical  feature  of  importance  distinguishable  from 
two  or  more  stations.  For  this  purpose  two  methods  were  introduced  by  Mr.  Spiller 
and  used.  Iu  the  first,  all  the  sights  to  points,  taken  at  an  occupied  station,  were 
numbered  consecutively  around  the  horizon  from  one  upward ;  then,  on  sighting  any 
one  of  these  points  from  a  second  station,  a  convenient  note  was  made,  citing  the  number 
or  designation  of  the  previous  station  and  the  number  of  the  sight  from  it  to  the 
point  to  be  fixed  by  the  cross-sight.  Iu  the  second,  on  a  sketch  made  from  a  previous 
station,  was  recorded  in  brackets,  at  the  sketch  of  the  point  cross-sighted,  the  sight 
taken  from  a  second  station.  Both  these  methods  obviate  the  necessity  of  making 
more  than  one  complete  sketch  of  a  view  having  nearly  the  same  aspect  from  two  dif- 
ferent statious.  The}'  tend  to  cause  stations  to  be  occupied  in  pairs  with  reference  to 
a  number  of  promineut  topographical  features,  and  this  I  believe  to  be  an  excellent 
practice. 

The  altitude  of  points  fixed  by  cross-sights  was  determined  by  angles  of  elevation  or 
depression  from  barometric  stations. 
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TRIANGULATION. 

The  main  points  on  which  our  triangnlation  depends  are:  MonntRose,  10,820  feet; 
Mount  Lyon,  8,815  feet;  Tntib  Peak,  7,062  feet;  Basalt  Peak,  6,599  feet;  Fairview 
Peak,  8,412  feet ;  Tarogqua  Peak,  8,771  feet ;  Grant  Peak,  9,965  feet ;  Desatoya  Peak, 
9,921  feet;  Paradise  Peak,  8,662  feet;  and  Bunker  Hill,  11,405  feet,  and  Poston  or 
Davies  Peak,  11,756  feet,  in  the  Toyabe  Range.  From  each  of  these  stations  repeated 
angles  were  taken  to  Cory's  Peak,  the  highest  point  in  the  Wassnck  Range,  and  situ- 
ated just  west  of  Walker  Lake  ;  and  from  Mount  Rose,  Basalt,  Paradise,  and  Davies 
Peaks  angles  were  taken  to  White  Mountain  Peak,  which  is  to  the  east  of  Benton,  Cal. 
The  triangle — Davies,  Mount  Rose,  and  White  Mountain  Peaks — which  will  be  completed 
when  the  angle  at  White  Mountain  Peak  is  measured,  is  a  very  large  one.  The  lengths 
of  its  sides  are — 

Miles. 

From  Davies  to  Rose 142.45 

From  Rose  to  White  Monntaiu 134.25 

From  White  Mouutain  to  Davies 88.00 

The  instruments  were  returned  in  good  condition,  except  that  the  wet  bulb  of  psy- 
chrometer  No.  8  was  broken,  being  blown  from  the  top  of  a  peak  by  the  wind. 

Mr.  Spiller  was  untiring  in  his  efforts  to  do  the  work  thoroughly  aud  well. 

Mr.  Cowles,  in  addition  to  bis  designated  duties  as  meteorological  observer,  constantly 
performed  those  of  a  topographer  as  well,  and  in  both  instances  with  credit  to  himself. 

RATIONS. 

The  twenty-five  days'  rations  taken  at  Carson  lasted  the  party  as  far  as  West  Gate 
The  day  after  we  reached  tbat  place,  the  team  in  charge  of  Corporal  O'Neil  arrived 
from  Carson,  with  provisions  for  the  party  for  the  remainder  of  the  season.  Taking 
out  sufficient  to  last  us  as  far  as  Dead  Horse  Well,  I  instructed  the  corporal  to  return 
to  Ragtown  for  grain  left  there  by  me,  and,  returning  through  West  Gate,  to  proceed 
to  Ellsworth,  leaving  there  some  grain  ;  thence  to  proceed  by  the  old  Wellington  road 
to  Dead  Horse  Well,  and  leave  there  a  supply  of  rations  for  fifteen  days  and  the  re- 
mainder of  the  graiu.  These  orders  he  faithfully  carried  out,  and  proceeded  to  Reno, 
where  he  repotted  to  Lieutenant  Tillman.  On  our  arrival  at  Dead  Horse  Well,  the 
rations  there  were  taken  up,  and  lasted  through  the  field-season. 

FORAGE. 

Although  much  of  this  country  is  well  adapted  to  grazing  loose  animals,  there  is  little 
luxuriant  growth  of  grass.  At  the  time  of  the  year  in  which  we  traveled  through  it 
the  pasturage  was  very  dry  aud  short,  where  there  was  any  at  all.  In  every  instance 
»  we  were  compelled  to  pitch  our  camp  either  on  ground  already  taken  up  by  ranchmen, 
or,  more  often,  in  places  where  the  pasturage  was  much  too  scanty  to  subsist  the  ani- 
mals by  feeding  loose  overnight.  We  were  thus  compelled  to  carry  or  purchase  grain 
at  all  times,  and  hay  was  fed  whenever  it  could  be  obtained.  The  animals  came  in  in 
excellent  condition,  having  been  fed  during  the  season  a  daily  average  of  6^  pounds  of 
barley  and  6.3  pounds  of  hay.  The  price  of  barley  varied' from  4$  cents  per  pound  at 
West  Gate  to  3  cents  in  Reese  River  Valley  and  2$  cents  in  Mason  Valley.  Hay  was 
2£  cents  per  pound  at  West  Gate  and  1  cent  in  the  valleys. 

A  list  of  road-distances,  with  remarks  as  to  wood,  water,  &c,  is  transmitted  here- 
with. 

After  the  disbandroent  of  the  parties  at  Carson,  and  in  accordance  with  instructions, 
I  proceeded  to  Camp  Independence,  California,  with  the  animals,  &c.,  used  by  the  par- 
ties in  the  field.  I  left  Carson  December  4;  two  non-commissioned  officers  and  three 
privates  of  Company  D,  Twelfth  Infantry,  and  four  civilian  employed,  being  of  the 
party.  We  had  in  charge  two  six-mule  teams  and  one  light  wagon,  with  eighty-five 
auimiils  in  all.  We  arrived  at  Camp  Independence,  without  accident,  December  13. 
I  at  once  turned  over  the  property  to  Lieutenant  Wotherspoon,  Twelfth  Infantry. 
This  completed  my  duties  iu  the  field. 
Respectfully  submitted, 

R.  Birxie,  Jr., 
First  Lieutenant  Thirteenth  Infantry, 

Lieut.  Gkorge  M.  Wheeler, 

Corps  of  Engineers,  in  charge. 
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Appendix  E. 

EXECUTIVE  AND  DE8CRIPTIVE  REPORT  OF  LIEUTENANT  CHARLES  C.  MORRISON,  SIXTH 
CAVALRY,  ON  THE  OPERATIONS  OF  PARTY  NO.  2,  COLORADO  SECTION,  FIELD-SEA- 
SON  OF   1876. 

Office  of  United  States  Geographical  Surveys, 

West  of  the  100th  Meridian, 

Washington,  D.  C,  April  1,  1877. 

Sir  :  I  have  the  honor  to  render  the  following  executive  report  of  operations  of  party 
No.  2,  Colorado  Division  of  the  survey,  during  the  field-season  of  1876,  together  with 
a  brief  description  of  the  country  traversed  and  its  resources : 

EXECUTIVE   REPORT. 

The  Colorado  Section,  consisting  of  Party  No.  1,  which  was  taken  charge  of  by  Lieu- 
tenant Bergland,  Corps  of  Engineers,  shortly  after  its  leaviug  the  rendezvous-camp, 
and  my  own  party,  No.  2,  was  organized  at  Fort  Lyon,  Colorado,  late  in  August. 

The  parties  took  the  field  on  the  29th  and  30th  of  August,  respectively.  The  personnel 
of  the  oue  under  my  charge  was  Lieut.  C.  C.  Morrison,  Sixth  Cavalry,  executive 
officer  and  field  astronomer ;  Mr.  Frauk  O.  Maxson,  topographical  assistant ;  Mr.  George 
M.  Dunn,  meteorological  observer;  Mr.  Lanier  Dunn,  aneroid  and  odometer  recorder; 
A.  K.  Mitchell  and  Martin  Sanchez,  packers ;  Edmund  Rocrofc,  laborer ;  Thomas  Ken- 
nedy, packer  and  cook. 

From  Fort  Lyon  the  party  proceeded  to  Trinidad,  following  generally  the  drainage 
of  the  Pnrgatoire,  following  on  the  west  side,  thus  cutting  all  drains  coming  in  on  that 
bank.  About  eight  miles  above  Trinidad  we  left  Purgatoire,  following  up  Long's  Caflon, 
crossing  the  divide  at  its  head,  aud  coming  down  upon  the  upper  waters  of  the  Cana- 
dian. Here  a  belt  of  country  was  closely  surveyed,  locating  the  heads  of  that  river. 
Thence  we  proceeded  across  the  heads  of  the  Vermejo  and  Point,  via  Elizabethtown 
and  Taos  Pass,  into  the  valley  of  the  Rio  Grande.  Entering  the  Taos  Valley,  some 
two  miles  southeast  of  Fernandez  de  Taos,  we  passed  through  the  lower  edge  of  the 
valley,  striking  the  Rio  Grande  at  Cieneguilla;  thence  following  the  main  stream, 
through  the  cation  of  the  Rio  Grande  known  as  the  Caja  del  Rio,  the  party  proceeded 
to  Santa  F6,  at  which  point  rations  were  obtaiued  and  comparisons  were  made  of 
meteorological  instruments  with  those  of  the  Signal  Department,  as  the  survey  of  the 
belt  of  country  to  the  south  was  to  be  referred  for  its  vertical  element  to  this  point. 
Three  days'  observations  were  taken  here  for  horary  curve,  and  the  triangulation- 
station  on  the  hill  just  north  of  this  city  was  re-occupied  for  development  of  the  base 
aud  system  of  triangles  to  the  south.  The  party  left  Santa  Fe*  September  21,  and  on 
the  23d  Old  Placer  Peak  was  occupied  by  Mr.  Maxson,  as  triangulation-station,  while 
the  mining  district  of  New  Placers  wan  examined  by  myself.  Stations  were  then  made 
on  the  Saudia  and  Manzano  Mountains  for  triangulation  and  topography. 

At  Mosca  Peak  the  party  was  detained  four  or  five  days  by  cold  heavy  rains — the 
equinoctial  storm.  From  the  Manzano  Range  we  worked  eastward  over  the  plateau 
extending  from  the  base  of  these  mountains  and  re-occupied  Pedernal  Peak;  thence, 
proceeding  southwest,  through  the  plains  of  the  many  alkaline  lakes,  we  passed  the 
Salt  Lake  proper,  from  which  salt  chemically  very  nearly  pure  is  obtained  in  coarse 
crystals.  We  recrossed  the  Manzano  Rauge  by  Comanche  Pass,  having  first  occupied 
Osha  Peak  for  triangulatiou  aud  topography,  and  worked  up  the  eastern  slope  of  the 
range.  Descending  Comanche  Canon,  we  crossed  the  plateau  extending  to  the  Rio 
Grande,  striking  the  river  opposite  Los  Lunas.  From  LosLunas  a  meander  line  was  run 
to  Socorm,  on  each  bank  of  the  river ;  the  one  by  Mr.  Maxson,  the  other  by  myself.  At 
this  place  rations  were  obtained,  and  the  party  proceeded  to  the  Socorro  Mountains, 
camping  at  Culebra  Springs.  Socorro  Peak,  Culebra,  and  Polvadera  Peaks  were  all 
occupied  for  triangulation  and  topography.  Thence  we  proceeded  to  the  Magdalena 
Mountains,  leaving  the  main  camp  in  canon  Del  Agna.  Mr.  Maxson  and  myself,  with 
oue  packer,  ascended  the  peak,  expecting  it  would  be  necessary  to  stay  away  one  night 
and  a  day  for  triangulation,  topography,  aid  azimuth  observations.  Before  reaching 
the  top  we  were  caught  in  a  blinding  snow-storm.  We  made  camp  at  the  edge  of  tim- 
ber-line, aud  theu  had  to  wait  four  days,  without  tents  aud  with  insufficient  blankets, 
with  no  water  except  that  obtained  by  melting  snow,  and  but  scant  supplies.  Our 
animals  suffered  much  from  want  of  water  and  grass,  as  we  had  nothing  we  could  melt 
snow  enough  in  for  them,  nor  would  they  eat,  as  they  suffered  from  thirst.  The  point 
was  very  important  in  the  system  of  triangles.  Over  three  hundred  angular  readings 
were  made  on  this  one  point  by  Mr.  Maxson,  and  an  astronomical  azimuth  was  deter- 
mined by  myself.  He  afterward  occupied  Garcia  Peak,  in  the  same  rauge,  while  I 
examined  the  mineral  deposits  in  these  mountains. 

From  the  Magdalena  Mountains  we  proceeded  via  the  Quinza  drain  to  the  Ladrones 
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Mountains,  then,  after  occupying  these  for  triangnlation  and  topography,  to  Sabinal ; 
here  the  party  was  divided,  Mr.  Maxson,  Mr.  George  Dunn,  and  one  packer  proceeding 
np  the  Puerco  Creek,  while  the  main  party  proceeded  to  Los  Lunas,  where  the  side 
party  was  to  rejoin  them.  Again  we  were  reminded  of  the  approaching  winter  season. 
The  mountains  inclosing  the  valley  wera  covered  with  snow.  From  Los  Lunas  We 
moved  to  Ojo  de  la  Casa,  on  the  western  slope  of  the  Manzanos,  thence  southward  to 
Abo  Pass,  running  along  the  base  with  traverse-lines  up  the  draios  and  occupying  South 
Manzanos  Peak,  working  up  thus  the  western  draiuing  and  topographical  forms  of 
the.se  mountains.  In  the  low  range  to  the  south  several  subordinate  points  were  occu- 
p  ed  for  topography  as  three-point  stations,  from  which  accurate  sketches,  instru- 
mental^ checked,  were  made.  The  belt  extending  to  the  river  was  thus  traversed. 
From  Socorros  we  proceeded  to  Fort  Craig,  at  which  point  we  were  to  obtain  rations. 
Arriving  there  November  10,  we  were  detained  by  a  snow-storm  for  three  days.  From 
Fort  Craig  we  worked  up  the  belt  east  of  the  river  between  the  Chupadero  plateau 
and  the  Rio  Grande  up  to  Abo  ;  thence  we  proceeded  to  Mestefii to  Spring;  here  we 
were  overtaken  by  another  snow-storm,  covering  the  grass  entirely.  To  save  our 
animals  we  proceeded  to  a  ranch,  at  Antelope  Spring,  where  forage  could  be  obtained, 
marching  all  day  in  a  blinding  snow-storm,  unable  to  see  a  hundred  yards  ahead  of  ns. 
The  trail  had  to  be  followed  by  occasionally  noticing  little  depressions  in  the  snow. 
We  arrived  late  in  the  afternoon.  That  night  the  thermometer  fell  to  16|u  below  zero. 
Fortuuately  none  of  the  animals  were  frozen,  although  at  other  ranches  we  afterward 
htard  of  fourteen  being  frozen  to  death  in  one  ht-rd  and  twenty-nine  in  another,  aud 
doubtless  if  we  had  not  been  able  to  obtain  the  shelter  of  a  stockade  ours  also  would 
have  been  lost.  This  extreme  cold  determined  us  to  start  on  the  return  trip.  Moving 
to  Los  Posos  del  Puis,  we  there  reached  the  point  farthest  southeast  covered  by  our 
work  during  the  season.  Moving  northward  over  the  main  route  from  Fort  Stanton 
to  Anton  Chico,  we  passed  through  there  November  30.  The  weather  having  moder- 
ated somewhat,  we  occupied  Mesa  Chnpaines  for  triangulations ;  thence,  crossing  the 
Gallinas  Creek  at  the  La  Liendre,  we  went  up  Cafion  del  Agua,  and  from  there  to  Fort 
Union  by  way  of  Las  Vegas.  At  this  point  we  received  the  most,  cordial  treatment  at  the 
hands  of  the  officers.  From  Union  our  route  led  to  the  Vado  de  la  Piedra,  or  Rock  Ranch 
ford  of  the  Canadian  ;  thence,  by  the  Dry  Cimarron  route  to  the  Chaquaqua  Cafion. 
Leaving  the  old  Dodge  cut-oif  a  short  distance  beyond  this,  we  went  by  the  n-w  route, 
which  crosses  the  Purgatoire  at  Nine-Mile  Bottom  and  makes  junction  with  the  Trini- 
dad road  a  short  distance  south  of  Alkaline  Station.  This  route  we  followed  to  Fort 
Lyon,  at  which  post  the  party  arrived  December  14.  The  topographical  instruments 
used  during  the  season  were  first  Buff  and  Berger  8-inch  transit,  graduated  to  10  seconds 
horizontal Timb,  capable  of  being  read  by  a  practiced  eye  to  5  seconds.  This  instrument 
was  very  good,  and  worked  to  entire  satisfaction  during  the  season  ;  it  was  used  on  all 
mean-triangulation  stations.  One  of  Stack  pole's  7-inch  transits,  oue  Young,  and  one 
Cassella  meandering  transit  were  also  used.  Horizontal  distances  wore  measured  by 
odometer,  checked  by  numerous  three-point  stations,  the  whole  depending  upon  the 
primary  and  secondary  triangulatiou-points  of  the  system  developed  from  the  bast) 
near  Santa  Fe\  the  co-ordinates  of  the  extremities  of  which  were  astronomically  de- 
termined in  1873. 

The  meteorological  instruments  used  were  two  cistern  barometers,  three  aneroids 
with  the  complement  of  hygrometers,  maximum  and  minimum,  and  pocket  thermom- 
eters. One  of  the  cistern  barometers  used  had  Lieutenant  Marshall's  improvement, 
consisting  of  a  closely-fitting  inner  tube  filled  with  plaster  of  Paris,  completely  envelop- 
ing the  barometer  tube,  excepting  opposite  the  scale,  where  a  slit  was  made  to  permit 
reading.  This  barometer  was  used  for  mountain  work,  and  was  very  much  stronger, 
supported  as  it  was,  than  the  ordinary  tube.  It  was  dropped  fiom  the  shoulder  of  the 
meteorologist  once,  falling  on  end;  it  then  fell  over  to  its  side  on  a  board  floor  and  did 
not  break.  Later  in  the  season  it  was  broken  by  a  kick  from  a  mule ;  eveu  then  it 
was  not  shattered,  but  cracked  throughout  the  length  of  the  tube  opposite  the  scale 
where  unsupported.  Although  a  little  heavier,  it  is  certainly  much  better  able  to  stand 
a  season's  work  than  the  present  form,  which  does  well  enough  for  the  standard  for 
camp.    The  field  astronomical  instruments  used  were  #ne  sextant  and  artificial  horizon. 

The  season's  work  was  very  satisfactory;  eaoh  of  the  assistants,  Mr.  Maxson,  George 
M.  Dunn,  and  Lanier  Dunn,  bending  every  effort  to  secure  such  results  as  deserved  the 
highest  commendation.  Working  in  the  most  untiring  manner,  Mr.  Maxson's  labors 
were  rewarded  by  his  triangles  closing  very  finely.  The  meteorological  work  also 
attested  the  care  of  Mr.  Dunn.  Each  member  of  the  party  endeavored  to  contribute 
to  a  harmonious  whole,  aud  succeeded.  Between  seven  and  eight  thousand  square 
miles  of  country  were  completed,  in  accomplishing  which  the  party  traveled  between 
eighteen  and  nineteen  hundred  miles,  occupied  fifteen  triangulation  stations,  oue  buu- 
dred  and  ninety-oue  three-point  stations,  and  about  fifteen  hundred  minor  stations,  the 
altitudes  of  all  which  were  determined  and  entered  into  the  vertical  representation  of 
the  country.  The  transportation  returned  in  fair  condition,  considering  that  nearly  all 
the  time  they  had  no  corn  and  much  of  the  time  but  scanty  grass,  and  at  mauy  camps 
were  without* water. 
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GENERAL  DESCRIPTION  OF  THE  COUNTRY. 

The  conn  try  traveled  by  the  party  was  entirely  sonth  of  the  Arkansas,  and  may  be 
divided  into  three  belts :  First,  that  extending  from  that  stream  to  the  sonth  to  the 
Raton  spur  of  the  Rocky  range;  second,  the  heads  of  the  Canadian  and  its  branches  in 
the  main  range;  third,  the  valley  of  the  Rio  Grande  and  the  plateau  between  it  and 
the  Pecos.  This  first  belt  constitutes  a  vast  rolling  plateau  of  uninteresting  aspect,  tree- 
less, save  along  the  brooks  which  seek  outlet  rn  the  Arkansas.  Little  agricultural  land 
is  found;  that  little  is  confined  to  the  immediate  vicinity  of  the  streams.  Valuable 
this  land  certainly  is  as  grazing  laud,  but  it  has  little  to  attract  the  stranger.  In  the 
belt,  nearly  a  hundred  miles  across,  but  few  rauches  are  found.  Along  the  immediate 
valley  of  the  Purgatoire,  evidence  of  the  farmer  is  seen,  and  it  is  claimed,  doubtless 
justly,  that  the  finest  of  fruits  thrive  in  this  valley.  The  grain  there  produced  is  very 
promising.  Once  out  of  the  immediate  valley  a  wide  expanse  of  gently  rolling  monoto- 
nous country  pains  the  eye  in  the  hot,  dry  air  of  an  August  noonday.  Here  and  there 
it  is  broken  by  an  arroyo,  in  which  an  uncertain  supply  of  alkaline  water  may  be  found. 
These  arroyos  deepen  as  they  approach  the  Purgatoire,  and  may  well  near  their  months 
be  termed  callous,  boxed  up  as  they  are  by  their  sandstone  walls,  rendering  the  coun- 
try almost  impassable,  which,  farther  out  on  the  plains,  can  be  traversed  iu  almost  any 
direction  by  wagons. 

Here  little  is  seen  of  more  interest  than  the  large  herds  of  antelopes,  which,  with 
gentle  swinging  gait,  keep  just  out  of  rifle  range. 

On  the  main  freight  wagon  route  from  West  Las  Animas,  but  a  year  ago  the  termi- 
nus of  the  Atchison,  Topeka  and  Santa  Fe"  Railroad,  we  find  a  few  ranches.  After 
leaving  Sizer's  ranch  on  the  Purgatoire,  at  which  point  the  road  diverges  therefrom, 
we  first  come  to  the  old  stage-station  known  as  Alkali  Station.  Here  is  a  little  hut, 
with  stables  and  corral,  used  as  a  shelter  to  the  stock-tender  and  his  animals.  It  is 
now  deserted,  or  was  at  the  time  we  passed.  The  water  is  slightly  impregnated  with 
alkaline  salts.  Farther  on  are  Vogel's  ranch,  Bent's  Cation,  Lock  wood's  ranch,  and 
Hogback  ;  of  these,  that  at  Bent's  Cation  is  much  the  most  promising  ranch.  Near 
Hogback  is  a  sharp,  bare  hill  of  pin  tome  rock,  from  which  this  station  gets  its  name. 
About  8  miles  from  Trinidad  the  road  again  approaches  the  Purgatoire  at  a  point  where 
the  valley  widens  out,  rendering  available  considerable  arable  laud,  depending  simply 
upon  proper  irrigation  and  cultivation  to  provide  ample  supplies  for  the  towu  spring- 
ing up  at  £1  Moro,  the  present  terminus  of  the  Denver  and  Rio  Grande  narrow-gauge 
road,  which,  with  enterprise,  is  feeling  its  way  to  the  south,  gathering  the  freight  of 
New  Mexico.  This  latter  town  has  all  the  bustle  of  the  last  railroad  town,  and  may 
eventually  be  extended  to  unite  with  Trinidad,  the  older  and  larger  place,  some  5 
miles  beyond,  the  growth  of  which  seems  to  have  increased  with  the  proximity  of  El 
Moro,  rather  than  to  have  been  sapped  by  it,  as  is  so  frequently  the  case.  Situated  as 
these  are  at  the  entrance  to  Raton  and  Long's  Canon  Passes,  they  are  less  likely  to  die 
out  as  the  road  passes  on  beyond.  The  coal-field  in  the  vicinity  of  Triuidad  will  con- 
tribute to  its  support.  Beyond  the  cul-de-sac  in  which  Trinidad  is  situated,  the  char- 
acter of  the  country  changes  entirely.  The  rise  from  West  Las  Animas  to  Trinidad,  of 
2,158  feet,  is  very  gradual.  Here  the  foot-hills  of  the  main  Rocky  rauge  and  the  Raton 
spur  close  in.  Leaving  the  main  stage-road  at  Trinidad,  our  course  lay  up  the  Pur- 
gatoire for  about  8  miles.  Ranches,  with  their  cultivated  fields,  claimed  each  iuch  of 
ground  capable  of  tillage,  till  leaving  the  stream  we  follow  a  less  frequented  road, 
ascending  the  cation  with  even  grade.  Gently  rising,  we  pass  beyond  the  pifiou  growth 
marking  the  lower  hills  and  reach  the  pine-covered  country  extending  to  the  heavily 
broken  plateau  of  the  Raton  Pass,  hardly  to  be  styled  as  a  mountain  range  in  comparison 
with  the  bare,  bold  crests  of  the  serrated  range  from  which  it  springs.  Although  not 
reaching  the  elevation,  it  offers  in  its  broken  surfaces,  its  many  cations,  its  sharp  rises 
and  sudden  cuts,  almost  as  great  difficulties  to  engineering  skill  in  locating  a  road 
across  it  as  the  more  prominent  ranges.  From  the  Purgatoire  to  Elizabeth  town  is  a 
fan-like  succession  of  secondary  ridges,  broken  by  the  cations  of  the  Vermejo,  the  two 
branches  of  the  Poiiil  and  the  Van  Brimmer  Park.  This  whole  section  is  well  grassed, 
timbered,  and  watered,  and  for  a  mountain  range  could  not  be  excelled  for  cattle. 
For  a  railroad  pass  to  Cimarron  and  country  east  of  the  mountains  it  is,  while 
higher,  of  so  much  better  grade  than  the  Raton  Pass,  that  Long's  Cation  would  prob- 
ably be  adopted  in  preference  to  the  latter,  having  for  its  southern  outlet  the  course 
of  the  Canadian  to  Red  River  Station.  For  a  direct  pass  to  Elizabethtown  it  could  be 
only  made  available  by  the  most  careful  study  of  the  minor  topography,  deviating  in 
many  places  from  the  present  located  wagon  routes.  Elizabethtown  is  situated  at  the 
head  of  a  fine  park  at  the  base  of  the  Bald,  between  this  peak  and  the  main  range  ; 
with  perhaps  less  bustle  than  in  former  days,  it  is  still  a  mining  town  of  some  little 
prosperity.  From  Elizabethtown  to  the  entrance  of  Taos  Pass  extends  a  beautiful 
park,  presenting  no  difficulty  to  a  railroad  route;  the  pass  is  a  good  one,  and  will 
doubtless  be  eveutually  utilized;  the  wagon  road  is  fair,  but  in  need  of  work. 

Taos  Valley  is  one  of  the  finest  grain-growing  districts  in  New  Mexico,  extending  from 
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the  base  of  the  mountain  nearly  to  the  Cafion  of  the  Rio  Grande,  from  the  month  of  the 
United  States  Mountain  Cafion  to  the  Canon  of  Pueblo  Creek.  On  it  are  Fernandez  de 
Taos,  the  old  Mexican  town,  near  which  is  the  Pueblo  de  Taos,  the  old  Indian  town, 
former  capital  of  the  Pueblo  Nation,  Ranchode  Taos,  formerly  subordinate  to  the  Fer- 
nandez Plaza,  bnt  now  nearly  equal  in  population,  and  Los  Cordovas,  at  the  junction 
of  the  streams  watering  tLe  other  towns.  The  Rio  Grande  opposite  this  valley  is  boxed 
in  a  great  canon  abont  800  feet  deep,  extend  iug  60  miles  to  the  north,  on  both  sides 
capped  with  basalt.  The  Arroyo  de  Cienegnilla  runs  just  east  and  south  of  the  basalt, 
and  from  the  little  town  on  the  other  river-bank  of  the  same  name  the  stream  divides 
the  two  formations ;  on  the  west  is  the  purplish  black  of  the  basalt,  on  the  east  the 
variegated,  tinted,  illy  formed  granite  from  the  nearly  .fused  quartz  and  feldspar, 
with  its  white,  pink,  aud  red  shades,  to  the  dark  gray  of  the  more  micaceous,  triable 
rock.  On  the  west  the  direct  result  of  the  internal  heat  is  vomited  forth  upon  the 
earth.  On  the  east  is  found  the  metamorphosed  saudstone,  burnt  crisp  by  the  more  in- 
direct action.  Farther  down,  the  river  again  cuts  asunder  the  basalt  plateau,  but  to 
open  ont  at  La  Joya  into  a  wide  valley,  needing  but  American  enterprise  to  reclaim  it 
from  a  sandy  plain  and  render  it  rich  in  crops  of  cereals.  Even  the  siinp'e  efforts  of 
the  Mexican  have  been  rewarded  with  rich  vineyards  aud  fair  orchards.  The  native 
fruit,  excepting  the  grape,  is  not  of  fine  flavor,  but  where  the  trees  brought  from  the 
East  have  been  cultivated  the  result  has  been  very  eucouragiug  indeed.  La  Joya,  Los 
Luceros,  Plaza  del  Alcalde,  San  Juan,  and  San  Ildefonso  aie  fouud  on  the  river,  aud  Santa 
Cruz,  Pojoague,  Cuyamnngne,  and  Tezuqueon  the  tributary  streams,  where  crossed  by 
the  main  road  leading  to  Santa  F<5.  Between  Santa  Fe*  and  the  Rio  Grande  is  a  low  range 
of  hills.  South  of  Sauta  Fe*  the  main  range  dies  out.  The  mountains  beyond  these,  east 
of  the  Rio  Grande,  in  prolongation  of  tbe  main  axial  line,  are  more  broken  up;  they  lose 
their  continuous  ridge-like  form.  North  of  the  Galisteo  are  the  Cerillos,  which  are  but 
low  hills,  azoic  in  formation, broken  by  many  basaltic  dikes.  They  would  be  of  little  im- 
portance but  for  the  mines  of  argentiferous  galena  aud  copper.  Several  thin  mines  of 
turquoise  have  been  rudely  worked  by  India  us,  Spaniards,  and  Mexicans.  There  are 
throughout  the  whole  region  evidences  of  old  mines,  worked  probably  by  the  Spaniards 
with  Indian  labor,  before  the  latter  drove  their  former  conquerors  from  the  country. 
South  of  the  Galisteo  are  the  old  Placers,  the  Puerto  or  New  Placer  Mountains,  the 
Sandia,  San  Pedro,  and  San  Isidro  Mountains,  in  all  of  which  are  mineral  deposits. 
The  formation  in  these  ranges  is  mainly  azoic ;  toward  the  west  there  are  carbonifer- 
ous croppings.  The  Saudi  as  are  capped  with  fossiliferous  limestone.  The  Placers  have 
auriferous  copper-ores,  also  iron  and  coal.  The  Puerto  or  New  Placers  are  full  of  metal- 
liferous ores  and  deposits,  copper,  lead,  iron,  gold,  and  silver  ores.  The  Sandias  have 
many  traces  of  copper  and  lead.  The  ores  of  the  whole  region  require  careful  handling, 
with  more  skill  than  has  yet  been  given  them.  There  is  no  doubt  as  to  their  existence  in 
paying  forms  if  properly  treated.  About  both  the  new  and  old  Placers  gold-diggings 
that  would  give  very  large  returns  with  hydraulic  washing  extend  nearly  around  the 
entire  bases.  The  water-supply  is  very  limited,  but  with  the  advent  of  capital  means 
will  be  found  to  bring  water  there,  to  reclaim  its  cost  twenty-fold.  Real  de  Dolores, 
Real  de  San  Francisco,  Alamocito,  San  Autonito,  San  Antonio,  and  Tijeras  all  are 
found  in  the  basins  between  these  mountains.  West  of  the  Sandias  is  the  Rio  Graude 
Valley.  South  of  the  Sandias  are  the  Manzanos,  the  northern  portiou  of  which  range 
consists  of  a  low  plateau  broken  up  by  numerous  carious,  the  branches  of  the  Tijeras 
Cafion,  Coyote  Cafion,  Cafion  del  Norte,  Canon  Infiorno,  Canon  de  los  Ejes  and  Moyas. 
The  western  slope  is  abrupt,  indeed  cliff-like ;  the  dip  of  the  rock  to  tbe  east  renders  it 
gently  rolling  country  in  that  directiou.  Just  south  of  Cafion  Moyas  the  rauge  shoots 
up  into  the  Mosca  Peaks,  which  run  above  timber-line.  The  limestone  is  again  hero 
found.  From  Mosca  southward  to  Manzano  Peak  the  elevation  of  the  higher  points  is 
about  10,000  feet.  The  formation  is  similar  to  that  of  the  Sandias.  The  canons  on  the 
west  are  short  and  bounded  by  high,  cliff-like  walls;  those  on  the  east  aud  southeast 
are  longer  and  more  tortuous.  The  range  can  be  crossed  by  Hell  Canon,  also  just  north 
of  Mosca,  following  up  Tejique  Creek,  or  by  Comanche  Cafion,  south  of  Mosca.  That 
by  Hell  Cafion  is  a  rough  wagou-road,  the  others  but  horseback-trails.  The  main  draiu- 
age  is  to  the  east;  Chilili  Tejique ;  Torreon  Manzano,  Osha,  and  Abo  Creeks  being  the 
principal  waters.  On  tbe  west  there  are  no  ruuning  streams,  but  along  the  base  are 
found  Ojo  de  la  Casa,  Ojo  del  Trigo,  El  Hedioudillo,  Canon  de  Salas,  Ojo  del  Cafion  de 
Monte  Largo,  Cristoo,  aud  Justamente  Springs.  Farther  out  on  the  plains  are  Ojo  de  la 
Cabra,  tbe  Ojuelos,  and  Ojo  de  los  Casos.  At  the  Ojuelos  is  a  tine  sheep-ranch.  From  the 
base  of  the  mountain  the  country  slopes  gently  to  tbe  river  in  nearly  uniform  grade.  The 
river  valley  proper,  or  that  which  can  be  placed  under  irrigation  with  but  little  trouble, 
is  in  places  from  3  to  5  miles  wide.  The  soil,  while  sandy,  is  rich  in  salts  nourishing  to 
plants,  and,  with  water,  produces  the  most  inviting  fields.  Hardly  a  tenth  of  the  present 
arable  land  is  now  utilized.  Many  little  towns  extend  along  the  river  from  Albu- 
querque to  Fort  Craig;  on  the  went  bank  are  Atrisco,  Padillas,  Pajarito,  Isleta,  Los  Luuas, 
Los  Charez,  Ranchitos  de  Helen,  fielen,  Pueblitos  de  Belen,  Los  Jarales,Puntodel  Bosque, 
Bosque,  Ranchitos  de  Sabinal,  Sabinal,  Pueblito  de  Sabinal,  Pioacho  de  Sabinal,  San 
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Carlos,  San  Geronimo,  Alamillo,  Polvadera,  Lira i tar,  Escondido,  Socorro,  San  Jose",  San 
Autonio,  San  Antonito,  and  San  Marcial.  On  the  east  bank  are  Ranchitos  de  Isleta, 
Los  Pinos,  Perolta,  Valencia,  Tome,  Rancbitos  de  Tome,  Constancia,  Casa  Colorada, 
Valleta,  Chihuahua,  Las  Nutrias,  Ranchas,  San  Francisco  La  Joya,  La  Joyita,  Sa- 
bina,  Pueblito  de  la  Parida,  La  Parida,  Bosquecito,  Yalverde,  La  Mesa,  and  Contradera. 
These  towus  vary  in  population  from  a  few  families  to  perhaps  1,^00.  The  principal 
towns  are  Isleta,  LosLnuas,  Belen,  and  Socorro  on  the  west  bank,  Valencia,  Constancia, 
and  La  Joy  a  on  the  east  bank.  Socorro  is  marked  by  much  more  American  enterprise 
than  the  majority  of  New  Mexican  towns,  arising  largely  from  the  mines  in  the  Mag- 
dalena  Mountains  bringing  money  into  the  section.  The  approach  of  a  railroad  will 
brighten  up  the  prospects  df  the  country,  which  needs  but  enterprise  supported  by 
capital  to  make  it  rich  lu  its  own  resources.  The  grapes  will  be  probably  the  main 
source  of  income  of  those  living  in  the  valley  proper.  West  from  Socorro  are  the  80- 
corro  Mountains,  a  short  ridge  of  azoic  rock.  Copper  is  found  bere.  West  of  this  range 
are  the  Magdalena  Range,  running  north  and  south,  which  have  throughout  their 
whole  extent  mineral  ledges  and  deposits.  A  few  fissure-veins  with  quartzite  wall- 
rocks  are  found,  but  generally  the  one  is  in  indefinite  deposits.  The  northern  end  of 
the  range  has,  for  surface  rock,  carbouiferous  limestone  resting  on  azoic  quartzite.  It 
is  bere  that  argentiferous  galena,  carbonate,  and  yellow  oxide  of  lead  are  found.  At 
present  the  mines  are  not  extensively  worked.  The  ores  exist  in  sufficient  abundance 
to  well  pay  for  working  with  experienced  management,  but  with  haphazard  work,  of 
men  ignorant  of  proper  treatment  of  the  ores,  they  are  apt  to  obtain  a  reputation 
whicb  will  keep  capital  away.  Just  west  of  these  mountains  is  a  low  range  of  hills, 
near  the  Corona  del  Pueblo  Spring,  in  which  are  found  argentiferous  copper-ores. 
Sinking  prospect  shafts  and  mining  with  little  or  no  system  has  been  done  here  with  the 
poor  results  almost  sure  to  follow  such  treatment  of  the  deposits.  North  of  these  are 
the  Ladrones,  a  sharp  nplift  brokeu  into  a  serrated  edge  difficult  of  approach,  and  so 
nearly  destitute  of  water  as  to  discourage  the  prospector ;  traces  of  copper  are  found 
throughout  tl^  range.  The  southwest  spurs  are  capped  with  limestone.  The  eastern 
rocky  slope  is  quartzite.  Mule  Spring,  in  a  drain  of  this  southern  spur,  is  one  of  the 
few  water-crop  pings  in  the  range  proper.  The  northern  slope  is  very  precipitous. 
The  range  has  little  to  support  life;  grazing  is  not  as  good  as  usually  found  in  mount- 
ains; hence  less  game  and  very  few  cattle  are  seen.  The  point  as  a  triangulation-sta- 
tion  is  very  important,  connecting  the  surveys  from  the  north  and  west  with  the  system 
south  and  east.  The  peculiarity  of  this  range,  as  of  nearly  all  mountains  in  Southern 
New  Mexico,  is  the  suddeuness  of  their  nplift.  With  buc  few  foot-hills  of  much  im- 
portance, they  rise  directly  from  the  plains  extending  abont  their  bases;  hence,  the 
water-sheds  being  small,  few  streams  are  found.  The  plains,  with  their  porous  soil  and 
nearly  level  surface,  quickly  drink  up  the  rains  and  give  them  out  only  by  the  rock- 
croppings  at  the  spriugs  which  run  but  a  short  distance.  From  Abo  Pass,  extending 
to  the  south,  is  a  much  broken  plateau  of  sandstone  country,  west  from  which  is  a 
narrow  plateau  of  drift;  very  little  water  is  found  in  this  belt.  The  few  springs  are 
the  Ojo  Sepulto,  Ojo  Parida,  Ojo  del  Cibolo,  and  Ojo  de  las  Cafias;  and  the  tanks  are 
Agnejes  de  los  Torres,  de  los  TomasceQos,  and  del  Caftoncito  ou  the  wesr,  and  the 
Llano  and  Coyote  Springs  on  the  east.  The  water  supply  at  the  Parida  is  very  good  ; 
that  at  Llano  Spring  has  been  developed  by  digging ;  that  at  the  other  points  is  very 
limited.  On  the  eastern  portion  of  this  belt  is  a  sharp  basaltic  butte,  standing  in  the 
center  of  a  limited  volcanic  overflow  of  the  sandstones. 

Abo  Pass,  which  separates  this  belt  from  the  maio  range,  is  a  low  divide,  well  calcu- 
lated for  a  railroad- pass;  iudeed,  the  best  in  connection  with  the  cation  Piedra  Piutada 
to  be  found  any  place  along  the  range  this  far  north.  At  Abo  and  Quara  are  old  ruins, 
presumably  Spanish,  built  at  the  first  occupation  of  the  country,  before  Europeans  were 
expelled  by  the  Pueblo  Iudians.  The  two  main  buildiugs,  in  each  case  from  their  form 
Catholic  churches,  are  about  100  feet  long,  built  of  stone — a  laminated  sandstone.  The 
walls  vary  from  3  to  7  feet  thick,  the  former  being  the  usual  thickness;  the  latter  that 
of  the  abutments.  Their  European  architecture  is  probable  from  beiug  built  in  that 
form  of  a  cross  usually  adopted  by  the  descendants  of  the  Spaniards  in  their  churches. 
Arches  are  also  fouud,  in  which  respect  they  differ  entirely  from  the  ruius  found  iu  the 
San  Juan  country,  which  are  ascribed  to  the  Aztecs.  In  both  ruius  the  altars  were  at 
the  north  end  of  the  building. 

East  from  the  mountains  extends  the  immense  plain,  broken  by  the  mesa-edge  on  the 
south  known  as  the  Jnmaues.  Farther  east  are  three  hills  known  as  Las  Animas,  one 
of  which  we  called  Rattlesnake  Hill,  from  the  number  of  those  snakes  we  saw  there, 
probably  from  three  to  five  hundred.  In  sixty-five  minutes  three  of  us  killed  seventy- 
nine  snakes,  varying  in  size,  all  of  the  same  species.  The  largest  had  thirteen  rattles. 
They  had  been  out  to  the  south  of  the  hill,  and  toward  suusel  came  in  for  their  night- 
shelter  in  the  rocks.  'Southeast  of  these  hills  about  18  miles  are  more  alkaline  lakes. 
Wells  have  been  dug  near  them,  giving  fair  water.  The  station  is  kuown  as  Posos  del 
Pino.  From  here  northward  to  Pedernal  the  country  is  greatly  rolling,  with  fair  graz- 
ing.   Beyond  Pedernal  it  is  more  or  less  broken  by  drains  leading  into  Canon  Piedra 
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Pintada  and  Canon  Blanco.  From  Cafion  Blanco  the  route  was  through  the  plateau 
country,  extending  north  to  the  Dry  Cimarron,  all  of  which,  to  Fort  Lyou,  was  de- 
scribed in  your  annual  report  of  1876. 

I  desire  to  take  this  opportunity  to  tender  my  thanks  to  the  members  of  the  party 
for  their  cordial  co-operation  in  the  work,  as  also  to  the  officers  of  the  military  posts 
visited  for  their  uniform  courtesy. 
I  am,  sir,  very  respectfully, 

Cha8.  C.  Morrison, 
First  Lieutenant  Sixth  Cavalry. 
Lieut.  Geo.  M.  Wheeler, 

Corps  of  Engineers,  in  charge. 
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EXECUTIVE  AND  DESCr'mVE  REPORT  OF  LIEUTENANT  M.  M.  MACOMB,  FOURTH  AR- 
TILLERY, ON  THE  OPERATIONS  OF  PARTY  NO.  2,  CALIFORNIA  SECTION,  FIELD  SEASON 
OF   1876. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washington,  D.  C.,  April  30,  1877. 

Sir:  I  have  the  honor  to  submit  the  following  executive  report  of  the  operations  of 
party  No.  2,  California  division,  of  the  survey  under  your  charge  during  the  tield  season 
of  1876. 

The  party  rendezvoused  at  Carson  City,  Nev.,  during  the  latter  part  of  August  and 
the  first  part  of  September,  being  one  of  the  parties  organized  there  under  your  super- 
vision. It  was  composed  as  follows:  Lieut.  M.  M.  Macomb,  Fourth  Artillery,  execu- 
tive officer  and  field  astronomer ;  Frank  Carpenter,  topographer ;  Alfred  Dubois  and 
Sergeant  G.  W.  Ford,  Twelfth  Infantry,  recorders ;  H.  W.  Heushaw,  naturalist ;  A.  R. 
Coulding,  geologist ;  W.  H.  Rideing,  general  assistant ;  two  packers,  one  teamster,  and 
two  cooks. 

Daring  the  first  few  days  of  September,  Mr.  Carpenter  was  employed  in  working  up 
the  topography  of  Eagle  Valley,  in  which  Carson  City  is  situated.  On  the  7th,  he  was 
sent  out  with  a  small  party  for  the  purpose  of  making,  if  f  >und  advantageous,  a  pri- 
mary triaugulation-station  on  Spanish  Peak,  north  of  the  Central  Pacific  Railroad,  at 
the  same  time  surveying  a  line  through  country  that  would  not  be  traversed  by  the 
other  parties,  the  trip  to  occupy  seven  or  eight  days.  Meantime  arrangements  were 
made  for  the  storage  of  all  surplus  property,  the  purchase  of  forage  for  use  during  the 
season,  and  the  supplying  of  parties  in  the  field.  For  this  latter  purpose  it  was  found 
necessary  to  increase  the  means  of  transportation,  and,  accordingly,  on  the  13th,  six 
team-mules  were  purchased  by  telegraphic  authority  from  the  Quartermaster-General. 

Wbile  at  the  rendezvous,  Messrs.  Henshaw  and  Conkling  fouud  ample  employment 
for  their  time  in  their  respective  branches,  the  former  in  making  collections  in  zoology, 
the  latter  in  visiting  the  various  mines  and  mineral  and  thermal  springs  in  the  vicinity. 
Besides  these  duties,  both  rendered  assistance  to  the  other  members  of  the  party  in  keep- 
ing up  the  hourly  series  of  meteorological  observations  commenced  August  26,  a  detail 
being  constantly  employed  day  and  night. 

The  work  especially  assigned  to  my  party  was  the  survey  of  Lake  Tahoe  and  the 
neighboring  country,  the  liue  of  the  Central  Pacific  Railroad  being  the  northern  limit. 
Part  of  this  area  lies  in  Nevada,  part  in  California,  aud  when  mapped  will  appear  upon 
Atlas-sheets  47  D  and  56  B.  A  short  description  of  its  general  topographical  features 
will  be  given  here. 

Beginning  with  the  peaks  just  north  of  the  well-known  Carson  Pass  in  the  Sierra 
Nevada,  there  is  a  well-marked  bifurcation,  the  main  ridge  here  sending  out  a  bold  and 
lofty  spur  to  the  northward,  itself  continuing  on,  but  with  diminished  height,  to  the 
northwest.  This  spur  is  loftier  than  the  main  ridge,  having  an  average  altitude 
of  9,800  feet.  It  culminates  to  the  south  in  Freel's  Peak,  and  to  the  north  in  Mouut 
Rose,  in  whose  vast  mass  it  terminates.  Both  of  these  poiuts  are  over  10,800  feet  above 
sea-level.  It  is  called  the  Eastern  Summit,  in  contradistinction  to  the  in* in  ridge, 
which  is  known  as  the  Western.  Southwestwardiy  from  Mount  Rose  runs  a  long  spur, 
reaching  almost  to  the  western  summit,  between  which  and  itself  it  leaves  a  narrow 
valley.  There  is  thus  formed  in  the  bosom  of  the  Sierras  a  triangular  basin  with  a  length 
of  about  37  miles  and  a  base  of  perhaps  half  that  dimension.  At  the  southern  apex  of 
this  triangle  the  Upper  Trnckee  takes  rise,  and  meanders  its  way  for  about  15  miles 
through  the  beautiful  and  fertile  Lake  Valley,  finally  expanding  into  Lake  Tahoe,  which 
occupies  the  northern  part  of  the  basin.  Vastly  increased  in  volume,  it  issues  from  the 
lake,  through  the  uarrow  valley  above  referred  to,  a  heavy  and  rapid  stream.  Flowing 
west  a  short  distance,  it  changes  its  course  to  the  north,  and  then  making  a  graud 
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sweep  to  tbe  east,  flows  onward,  finally  emptying  into  Pyramid  Lake,  which  has  no 
visible  outlet.  Thus  the  waters  of  the  Lake  Tahoe  Valley  are  tributary  to  that  great 
interior  basiu,  that  peculiar  system  of  so-called  "sinks/'  in  which  all  the  waters  of 
Nevada,  with  a  few  trilling  exceptions,  are  swallowed  up.  The  eastern  summit  breaks 
down  quite  precipitously  to  the  east  into  the  valley  of  the  Carson,  some  of  the  branches 
of  which  river  rise  in  the  little  valleys  of  Hope,  Faith,  and  Charity  just  east  of  Carson 
Pass.  The  western  summit  slopes  gradually  to  the  west,  all  its  waters  from  Carson 
Pass  to  Summit  Station  on  the  Central  Pacific  Railroad  (some  43  miles)  being  collected 
into  the  American  River  by  its  south,  middle,  and  uorth  forks  and  their  various 
branches,  by  which,  as  might  be  expected,  numerous  valleys  and  deep  cations  are 
formed. 

It  was  not  until  the  14th  of  September  that  the  party  moved  into  the  area  assigned 
to  it,  when  camp  was  made  at  Glen  brook,  on  the  east  shore  of  Lake  Tahoe.  The  route 
followed  from  Carson  was  over  the  King's  Canon  road,  which,  winding  up  tbe  slope 
of  the  eastern  summit  nntil  it  attains  an  altitude  of  some  2,500  feet  above  oar  camp  in 
Eagle  Valley,  descends  to  the  lake,  giviug  grades  practicable  for  heavy  teams.  Another 
route  between  Carson  and  Glen  brook,  known  as  the  Clear  Creek  route,  and  used  by 
the  Lake  Tahoe  stage-line,  joius  the  first  mentioned  at  the  summit.  A  steep  grade  on 
this  road  not  far  from  the  tummit  causes  the  King's  Cation  ronte  to  be  preferred  for 
heavy  teaming.  The  stage-route  is  abont  a  mile  aud  three-quarters  shorter  than  the 
other,  by  which  the  distance  is  about  fifteen  and  a  quarter  miles.  Travelers  by  either 
route  pay  toll  at  the  summit. 

Glenbrook  is  very  prettily  situated  on  a  small  bay  abont  the  middle  of  the  east 
shore  of  the  lake.  A  brook  flowing  through  a  deep  aud  shady  glen  empties  into  this 
bay  and  gives  the  place  its  name.  Settled  in  I860,  it  was  the  first  place  of  any  per- 
manence on  the  lake,  and  is  now  the  principal  village,  claiming  some  four  hundred  in- 
habitants. It  is  the  center  of  the  Lake  Tahoe  lumber-trade  and  possesses  four  saw- 
mills and  a  planing-mill.  Tbe  saw-logs  are  floated  here  from  lumber-camps  on  the 
north,  west,  and  south  shores  of  the  lake,  and  I  was  informed  that  about  25,000,000 
feet  of  sawed  lumber  are  annually  turned  out.  The  principal  market*  are  Virginia 
and  Gold  Hill,  the  great  iniuiug  center  of  Nevada.  The  lumber  is  now  carried  to  the 
top  of  the  eastern  summit  by  means  of  a  narrow-gauge  railroad  built  in  1875.  As  the 
grade  of  the  wagon-road  from  Glenbrook  to  the  summit  is  about  290  feet  to  the  mile, 
the  railroad  avoids  this  by  running  some  three  miles  north  of  Glenbrook,  then  ascends 
the  slope  by  a  zigzag,  the  general  plan  of  which  would  be  a  flattened  and  distorted  Z. 
The  angles  of  the  Z  are  arranged  as  the  ordinary  railroad  Y,  and  thus  a  considerable 
difference  of  level  is  overcome  by  moderate  grades.  From  the  summit  a  flume  between 
1)  and  10  miles  in  length  runs  down  the  Clear  Creek  Canon,  and  by  this  fire-wood  or 
lnmber  can  be  delivered  within  a  mile  of  Carson.  Received  here  by  the  cars  of  the 
Virginia  aud  Truckee  Railroad,  it  can  be  earned  to  the  points  where  it  is  wanted. 

One  of  tbe  first  objects  to  strike  the  eye  after  reaching  Glenbrook  is  a  prominent 
mass  of  basalt  just  to  the  south,  which  bears  the  interesting  name  of  Shakespeare's 
Cliff.  A  monieut's  careful  inspection  will  show  on  an  almost  vertical  escarpment  not 
far  from  the  summit  a  mass  of  greenish-gray  lichens  standing  out  plainly  against  the 
dark  surface  of  the  rock.  A  glance  at  this  will  without  any  stretch  of  the  imagina 
tiou  transform  it  into  a  truly  striking  resemblance  to  the  head  aud  bust  of  the  great 
poet  as  seeu  in  profile;  the  high  forehead,  massive  brows,  and  pointed  beard  being 
wonderfully  reproduced.  This  was  plainly  visible  from  our  camp  in  theTieighborhood 
of  a  mile  to  the  north.  Situated  about  the  middle  of  the  eastern  shore,  and  not  half  a 
mile  from  it,  with  an  altitude  of  some  800  feet  above  the  lake,  the  cliff  affords  a  fine 
panorama  of  the  entire  western  aud  the  greater  part  of  the  northern  and  southern 
shores.  Of  the  lake  itself  I  attempt  no  description,  as  that  will  be  found  in  full  in  the 
report  of  the  geologist,  but  the  following  facts  in  connection  with  it  may  be  of  interest: 

The  geographical  position  of  the  lake  is  well  fixed  by  the  one  hunJred  and  twen- 
tieth meridian  of  west  longitnde  transversing  its  length,  and  the  thirty-ninth  parallel 
of  north  latitude  crossing  its  southern  end.  Its  developed  shore-line  may  be  set 
down  in  ronnd  numbers  at  70  miles,  aud  its  superficial  area  at  about  188  square  miles, 
of  which  two-thirds  lies  in  California,  the  remainder  in  Nevada.  Five  counties  border 
npon  it:  Washoe,  Ormsby,  and  Douglas  in  Nevada;  Eldorado  and  Placer  in  California. 
The  principal  settlements  are  Glenbrook,  on  the  east  shore,  Rowland's,  on  thu  south, 
and  Tahoe  City  on  the  west.  The  others  are  McKin nay's,  on  the  west,  near  Sugar-pine 
Point,  Yank's  on  the  south,  and  Hot  Springs  on  the  uorth  shore,  and  State-line  Point. 
At  all  these  points  accommodations  may  be  fonnd  for  tourists.  During  the  summer 
and  fall  Tahoe  City  is  connected  with  Truckee  on  the  Central  Pacific  Railroad  by  a 
daily  line  of  stages  carrying  passengers  and  mails,  while  Glenbrook  is  similarly  con- 
nected with  Carson.  A  small  steamer  makes  a  daily  tour  of  the  lake,  touching  at  all 
the  places  mentioned.  A  stage  is  also  sometimes  run  between  Hot  Springs  and  Truckee. 
A  good  road  connects  Glenbrook  and  Rowland's,  whence  a  moderately  good  one  runs  to 
Yank's.  Thence  to  McKinney's  there  is  a  trail,  very  bad,  near  Emerald  Bay,  and  from 
McKinney's  to  Tahoe  City  there  is  a  road.    A  rough  trail,  passable  for  riding  or  pack 
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animals,  connects  Tahoe  City,  Hot  Springs,  and  Glenbrook.  Find'ng  at  Glen  brook  an 
excellent  camping-ground  and  good  feed  for  the  animals,  it  was  decided  to  make  a 
maiu  camp  here  and  study  the  features  of  the  eastern  summit  by  detours  to  the  south 
and  north.  Accordingly,  on  the  arrival  of  the  topographer  at  this  camp,  a  trip  was 
made  to  the  south,  aud  a  maiu  station  established  on  a  well-defined  point,  showing 
well  from  the  stations  in  the  neighborhood  of  the  base,  near  Virginia  City.  About  this 
time,  a' so,  a  second  small  party,  in  charge  of  the  geologist,  was  ordered  to  make  a  trip 
around  the  lake,  putting  up  signals  on  points  along  its  borders,  which  might  be  of  as- 
sistance in  establishing  the  shore-line,  and  at  the  same  time  obtaining  reliable  infor- 
mation concerning  the  trails  and  roads  about  the  lake. 

The  work  along  the 'range  to  the  south  having  been  completed  as  far  as  thought 
necessary  from  this  camp,  a  detour  was  made  to  the  north.  During  this  trip  the  narrow- 
gauge  railroad  already  referred  to  was  surveyed  and  the  lake  shore  meandered  far 
enough  to  the  north  to  be  connected  with  without  difficulty  on  the  home  trip. 

A  main  triangulation  station  was  also  made  and  the  topography  of  the  range  finished 
as  far  as  possible  to  the  northward.  Marlette  Lake  was  likewise  visited  aud  surveyed. 
This  little  lake  is  beautifully  situated  in  a  basiu  just  west  of  the  main  ridge,  and  consid- 
erable interest  attaches  to  it  from  the  fact  that  it  is  the  source  from  which  the  Virginia 
Water  Company  intend  drawing  their  supply.  It  is  easily  reached  by  a  very  fair  wagon- 
road  which  leaves  the  stage-road  atSpooner's  Station,  about  five-eighths  of  a  mile  from 
the  summit.  It  drains  into  Lake  Tahoe,  but  by  damming  its  outlet  it  has  been  increased 
to  many  times  its  original  size.  It  now  measures  about  H  miles  in  length  by  half  a 
mile  in  breadth,  with  a  superficial  area  approximating  to  300  acres.  Our  barometric 
observations  make  its  altitude  7,750  feet  or  1,548  feet  above  Lake  Tahoe,  and  high  enough 
above  Virginia  City  and  Gold  Hill  (some  16  miles  distant  in  a  straight  line)  to  give  a 
good  head  there.  In  order  to  get  the  water  across  the  ridge  a  tunnel  is  being  pierced 
through  the  granite  rock  composing  it  about  3  miles  north  of  the  lake  where  tbe  ridge 
is  narrowest.  This  tunnel  is  in  a  fair  way  toward  completion,  and  will  have  a  length  of 
nearly  4,500  feet,  with  a  cross-section  of  about  6  by  8  feet.  Tbe  water  will  be  led  to  its 
west  end  by  a  ditch  or  flume.  On  the  eastern  slope  the  flume  has  been  bnilt  and  is  in 
operation,  being  at  present  fed  by  some  of  the  mountain  sr reams  of  that  slope.  Pur- 
suing a  tortuous  course  down  the  mountain-side  until  a  steep  slope  is  reached,  the 
flume  discharges  its  contents  into  a  pipe  which  descends  rapidly  until  it  reaches  its 
lowest  point  at  Lake  View,  on  tbe  low  ridge  separating  Eagle  and  Washoe  Valleys. 
Following  up  this  ridge  for  some  5  miles  the  pipe  delivers  its  waters  to  a  flumo  which 
conveys  them  to  their  destination,  Gold  Hill  and  Virginia. 

Returning  from  this  trip  to  the  Glenbrook  camp,  September  24,  we  were  delayed  a 
day  on  account  of  its  being  necessary  to  discharge  the  two  packers  and  a  cook,  whose 
places  I  was  fortunately  able  to  fill  without  much  difficulty.  Meantime  the  party  sent 
around  the  lake  having  reported,  camp  was  moved  on  the  26th  to  a  point  near  Row- 
land's, on  tbe  south  shore  of  the  lake. 

About  3.3  miles  south  of  Glenbrook  the  road  passes  Cave  Rock,  which  is  the  most 
prominent  object  on  the  eastern  shore,  being  easily  discernible  from  onr  stations  on  the 
western  ridge.  It  is  a  mass  of  porphyritic  trachyte  rising  some  150  feet  above  tbe  lake, 
the  road  beiug  carried  round  its  base  on  trestle-work.  The  rock  derives  it  name  from 
a  cave  extending  some  30  feet  into  its  side.  The  top  and  sides  of  this  cavern  are  dark- 
ened by  a  peculiar  pitchy  deposit  similar  to  that  described  in  full  in  vol.  v,  (Zoology, 
p.  559,)  of  th ^published  reports  of  this  survey.*  Betweeu  2  and  3  miles  farther  Zephyr 
Cove  is  reached,  once  a  popular  Btage-station,  but  now  deserted. 

Iu  the  paimy  days  of  staging,  before  the  completion  of  the  overland  railroad,  the 
road  was  kept  in  beautiful  conditiou,  aud  sprinkled  twice  a  day.  Although  not 
traveled  nearly  so  much  as  formerly,  it  is  still  au  excellent  road,  and  a  great  deal  of 
farm  and  dairy  produce  passes  over  it  to  the  Virginia  markets.  In  about  4  miles  from 
Zephyr  Cove  Small's  Station  is  passed,  at  which  point  the  Kingsbury  Grade  road  crosses 
tbe  eastern  summit,  coming  out  in  the  Carsou  Valley  about  3  miles  south  of  Genoa.  A 
little  less  than  a  mile  farther  on  Kearney's  Station  is  reached.  When  the  the  State- 
line  was  run  it  was  found  to  pass  directly  through  the  inn,  and  it  is  said  that  guests 
may  dine  either  in  Nevada  or  California  by  simply  changing  sides  at  the  table.  The 
boundary  monument  on  the  lake  shore  near  by  was  visited  and  brought  into  the  scheme 
of  triangulation.  Here  we  left  the  main  road,  which  continues  up  the  east  side  of  the 
valley,  aud  took  the  road  along  the  south  shore  of  the  lake  to  Rowland's,  aud  camped 
in  a  meadow  near  by.  Leaving  the  main  party  here,  the  topographer  and  myself, 
with  a  small  party,  started  for  Freel's  Peak.  Bad  weather  and  a  broken  barometer 
obliged  us  to  devote  two  days  to  our  observations  here.  A  small  monument  and  a  bot- 
tle containing  records  found  on  the  summit  showed  that  the  peak  had  been  visited  Sep- 

*  It  is  worthy  of  remark  that  caret ul  observations  by  the  naturalist  of  the  party  do 
not  confirm  the  theory  tnere  advanced  ascribing  the  deposit  to  lizards,  but  point 
rather  to  the  opinion  expressed  by  Prof.  Cope,  that  it  is  produced  by  some  small  mam- 
mal, probably  the  Neotoma  cinerea. 
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tember  15,  1>74,  by  a  reconnoitering  trinngulation  party  of  the  United  States  Coast- 
Survey.  On  the  completion  of  oar  work  here  the  topographer  made  a  detour  into  Hope 
Valley,  working  down  the  valley  of  the  Carson  almost  to  Genoa,  and  returning  by  the 
Kingsbury  Grade,  thus  finishing  the  topography  of  the  eastern  summit  included  be- 
tween that  road  and  Hope  Valley.  Meantime,  finding  it  impossible  to  use  the  Army 
wagon  on  the  west  side  of  the  lake,  I  sent  it  back  to  Carson,  with  all  surplus  impedi- 
ments for  storage,  and  had  sufficient  stores  to  last  the  remainder  of  the  season  deposited 
at  Glen  brook,  where  was  left  also  the  w  a  iron  and  such  team-mnles  not  used  as  riding 
or  pack  animals.  The  means  of  transportation  was  thus  reduced  to  ten  paek  and  twelve 
riding  mules  aud  one  extra  animal. 

Breaking  camp  at  Rowland's  we  proceeded  south  through  Lake  Val'ey,  striking  the 
main  road  in  ahont  4$  miles.  Following  this  some  3}  miles,  Osgood's  toll-house  is 
reached.  Here  the  road  leaves  the  Trnckee  River  and  winds  up  the  slopes  of  the  west- 
ern summit,  which  it  crosses,  descending  the  western  slope  through  the  canon  of  tho 
South  Fork  of  the  American,  which  is  herea rapid  mountain  stream.  The  road  crosses 
it  by  a  bridge  at  Slippery  Ford,  aud  soon  after  passes  a  lofty  and  almost  perpendicular 
cliff  bearing  the  hackneyed  name  of  •'  Lover's  Leap."  At  Strawberry  Station,  a  mil** 
farther  on,  there  is  another  toll-honsc.  Following  the  main  road  some  4  in  ilea  farther, 
*«  a  left  it  at  the  Georgetown  junction  and  passed  up  into  the  mountains,  camping  at 
Sawyer's  Ranche,  within  easy  striking  distance  of  our  objective  point — Pyramid  Peak, 
in  the  western  summit.  Clouds  aud  mists  hanging  about  the  peak  interrupted  our 
work  greatly,  and  kept  ns  two  days  at  this  point.  There  is  a  tine  stock  range  here, 
affording  pasturage  for  several  hundred  head  of  cattle.  I  was  informed  by  the  propri- 
etor that  in  the  season  he  produced  as  much  as  125  pounds  of  butter  a  day,  though  at 
present  he  was  not  making  more  than  60.  The  stock  is  generally  driven  out  about  Oc- 
tober 15  to  winter  in  the  Sacramento  Valley.  The  distance  from  Sawyer's  by  road  to 
Strawberry  is  12  miles;  by  trail  only  about  3$.  The  trail  is  passable  for  tiding  ani- 
mals, but  dense  groves  of  small  trees  make  it  impracticable  for  beavil.v-ladon  pack- 
mules.  Locating  the  next  main  camp  at  Yank's,  on  the  southern  shore  of  Lake 
Tahoe,  and  on  the  west  side  of  Lake  Valley,  surveys  were  made  of  Fallen  Luaf  and 
Cascade  Lakes,  and  Tallac  Peak  occupied  for  topographical  aud  triaugnlation  pur- 
poses. This  peak  is  a  most  interesting  one,  not  only  on  account  of  its  own  beauty  as 
seeu  from  the  lake,  but  because  of  the  beautiful  view  from  its  summit.  Situa'ed  only 
aim ut  3  miles  from  the  lake  in  a  straight  line,  and  fully  3.500  feet  above  it,  the  bird's- 
eye  view  obtained  is  simply  perfect.  The  Hot  Springs  Hjtel,  at  the  northern  and  of 
the  lake,  was  clearly  visible,  as  well  as  the  houses  of  the  settlements  ou  the  south 
shore.  The  little  steamer,  a  white  speck  upon  the  blue  expanse,  was  seeu  makiug  its 
dailv  round*. 

Fallen  Leaf  and  Cascade  Lakes,  and  many  others  of  less  size  embowered  in  trees,  lay 
beneath  our  feet.  To  the  southwest  Pyramid  Peak  rears  its  rugged  crest,  embracing 
between  itself  and  Tallac  a  deep  rocky  depression,  dotted  with  numerous  pools,  and 
known  as  the  u  Devil's  Basiu." 

Fallen  Leaf  Lake  (llrt  feet  above  Tahoe)  is  easily  acces  ible  from  Yank's  by  a  wagon- 
road  which  leaves  the  head  of  the  lake  at  Gillmore's  Ranch,  and  passes  on  several  miles 
farther  to  a  tine  soda  spring ;  from  there  on  a  trail  leads  nearly  to  the  summit  of  Tallac. 
A  herd  of  several  hundred  Augora  goats  find  subsistence  on  the  slopes  of  the  mountains 
sooth  of  Gillmore's  Ranch. 

Cascade  Lake  (330  feet  above  Tahoe)  is  oval  in  shape,  and  about  a  mile  long,  deriving 
its  name  from  a  tine  water- fall  some  250  feet  high  at  its  head.  For  interesting  facts 
relating  to  the  glacial  origin  of  these  lakes  I  refer  to  the  report  of  Mr.  Coukling. 

On  the  17th  of  October  we  lefo  Lake  Valley  and  proceeded  on  our  way  around  the 
lake.  In  the  neighborhood  of  Emerald  Bay  the  trail  is  exceedingly  steep  and  difficult, 
aud  some  tronble  was  experienced  from  several  of  the  pack-animils  rolling  down  the 
steep  slopes.  After  leaving  here,  however,  no  difficulty  was  met  with.  The  bay  is  about 
two  miles  long  by  three-fourths  of  a  mile  broad,  narrowing  down  at  the  entrance  to  a 
quarter  of  a  mile.  At  its  extremity  is  the  summer  residence  of  Mr.  Ben.  Holladay,  jr., 
which  is  entirely  Concealed  in  a  grove  ot  aspen  aud  willow.  A  more  charming  retire- 
ment it  would  be  bard  to  find. 

From  the  north  point  of  the  bay  to  Rubicon  Point  the  shore  is  steep  and  rocky,  but 
the  trail  from  there  to  McKinney's  is  excellent.  Before  reaching  McKinney'sHie  trail 
crosses  a  bold  projection  known  as  Sugar  Piue  Point,  from  the  tine  trees  of  that  name 
growing  there.  A  large  Inmber-camp  located  here  afforded  a  good  opportunity  of  wit- 
nessing the  mode  of  lumbering  generally  in  vogne  on  the  lake.  Thn  tree*  are  sawed 
iustead  of  cut  down  and  converted  into  saw-logs  as  they  lie.  These  logs  vary  from  20. 
to  60  inches  in  diameter,  the  length  varying  to  suit  purchasers,  generally  between  20 
and  30  feet.  Perhaps  the  most  interesting  feature  is  the  great  wagons  on  which  the 
logs  are  hauled  to  the  lake.  These  are  made  immensely  strong,  the  wheels  being  con- 
structed of  a  section  cut  from  a  saw-log,  aud  are  from  3  to  «ty  feet  in  diameter,  being 
about  6  inches  broad  at  the  tire,  aud  bulging ont  at  the  center.  The  heavy  cross-beams  on 
the  wagon-body  are  furnished  with  iron  stirrups  of  peculiar  construction,  in  which  rest 
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the  ends  of  heavy  planks  used  in  loading.  The  wagons  are  drawn  by  six  or  eight  yoke 
of  oxen.  To  give  an  idea  of  what  can  be  done  by  these  wagons  it  is  a  matter  of  record 
that  14,900  odd  feet  of  lumber  in  the  shape  of  saw-logs  has  been  placed  upon  one  of 
them.  This  was  popularly  known  as  the  ''  boss  load,"  aud  photographs  of  it  can  be 
obtained  at  Truckee. 

We  took  advantage  of  the  lumber-camp  smithy  to  have  onr  mules  shod,  many  01 
them  being  badly  in  need  of  it,  and  while  waiting  occupied  several  topographical  sta- 
tions iu  the  western  summit. 

A  good  trail,  opened  some  years  ago  by  Mr.  McKinney,  runs  from  here  to  George- 
town, crossing  a  branch  of  the  Middle  Fork  of  the  American  some  eight  miles  from 
McKinney's,  and  called  by  him  the  Rubicon.  From  here  we  moved  up  the  valley  of 
Blackwood  Creek,  containing  abundance  of  fine  feed,  and  camped  near  Twin  Peaks.  The 
weather  being  excellent,  a  day  sufficed  for  our  work  here.  To  the  north  we  saw  several 
fine  point*,  (among  them  the  Needle  and  Granite  Chief,)  which  weintended  to  occupy, 
i  bough  our  hopes  of  ihis  were  somewhat  dashed  by  Mr.  McKinney's  statement  that  he 
looked  for  snow  every  day,  and  that  the  probabilities  were  that  in  a  bhort  time  the 
higher  peaks  would  be  impassable. 

Meandering  the  lake-shore  as  far  as  Tahoe  City,  we  moved  tbence  down  the  Trnckee 
and  encamped  October  20  at  the  head  of  Sqnaw Valley,  which  drains  into  that  stream. 
This  valley  is  well  watered,  and  produces  abundance  of  tine  hay.  A  cattle-ranch  is 
located  here,  and  we  found  the  ranchmen  busily  engaged  in  collecting  their  stock  pre- 
vious to  driving  them  out  for  the  winter.  They  informed  us  that  a  trail  led  out  of 
the  valley  to  the  west,  passing  near  the  peaks  we  wished  to  occupy,  while  a  second 
trail  constructed  by  them  during  the  sunnier  permitted  egress  to  the  north.  Wishing 
to  ascertain  the  proximity  of  the  peaks,  I  ascended  a  higher  point  at  the  summit  of 
the  pass,  called  Fort  Sumter  from  its  peculiar  outline,  bnt  a  heavy  mist  completely 
shut  out  the  view. 

The  27th  was  stormy  and  rainy,  and  during  the  night  about  4  inches  of  snow  fell, 
which  continued  all  the  next  day.  The  stock  was  driven  out  just  in  the  nick  of  time, 
as  the  meadows  were  now  covered  with  about  8  inches  of  snow.  Several  bales  of  hay 
left  by  the  ranchmen  afforded  feed  for  the  mules,  so  that  I  was  not  oblig*  d  to  move  out 
at  once,  which  I  was  unwilling  to  do,  as  this  would  be  our  last  chance  to  work  up  the 
topography  of  this  portion  of  the  range. 

The  30th,  breaking  bright  and  clear,  afforded  an  opportunity  of  making  a  final 
attempt  at  the  "Needle,"  or,  should  this  prove  impracticable,  at  least  of  making  a 
topographical  station  on  the  high  point  near  the  summit  of  the  pass.  We  found  the 
snow  deeper  than  we  expected,  but  finally  made  the  point  only  to  find,  however,  that 
the  mists,  which  had  been  gathering  during  the  ascent,  completely  enveloped  the  higher 
peaks,  aod  in  a  few  moments  onr  own,  giving  us  just  time  to  catch  a  fleeting  glimpse 
*»f  the  Needle,  about  a  mile  and  a  half  to  the  northwest,  "  pointing  its  lean  finger  to  the 
sky**  as  if  in  mockery  at  our  efforts. 

On  this  trip  I  obtained  for  the  first  time  occular  evidence  that  there  are  deer  in  these 
-mountains  by  a  well-marked  trail  in  the  snow.  From  this  it  was  evident  that  the  ani- 
mal, driven  from  the  mountains  by  the  snow,  had  taken  a  hasty  survey  of  the  valley, 
then  turned  in  its  tracks  and  made  a  rapid  exit.  I  decided  to  follow  its  example,  and  on 
November  I,  after  having  meandered  Bear  Creek,  which  we  had  passed  a  few  days  before, 
left  the  valley  in  a  snow-storm.  Soon  after  reaching  the  Truckee  and  Tahoe  turnpike 
the  snow  ceased,  allowing  the  road  and  river  to  be  meandered  as  far  as  Truckee  on  the 
Central  Pacific  Railroad.  Learning  that  Lieutenaut  Tillman  was  eucamped  only 
about  4  miles  from  here,  on  Prosser  Creek,  I  moved  on  there  to  consult  him  concerning 
the  connection  of  our  triangulation.  Fiuding  that  he  and  his  topographer  were  absent 
•on  a  trip  to  Castle  Peak,  we  proceeded  to  work  up  the  topography  north  of  Lake  Tahoe, 
camping  iu  Martis  Valley.  From  here  we  attempted  the  ascent  of  Mount  Rose,  but 
found  it  impracticable  from  the  west.  Camp  was  then  moved  to  Hot  Springs,  near  the 
extremity  of  the  promontory  known  as  State  Line  Point.  This  is  one  of  the  most 
interesting  places  ou  the  lake,  and  the  view  is  exceedingly  beautiful,  especially  at  this 
season,  when  the  monutaiu  peaks,  capped  with  snow,  contrast  strongly  with  the  dark 
pine  forests  clothing  their  rugged  sides.  For  the  accommodation  of  tourists,  a  hotel 
and  a  ji umber  of  small  cottages  have  beou  erected,  the  water  of  the  springs  being 
utilized:  for  bathing  purposes.  The  proprietor  received  us  with  true  Californian  hos- 
pitality, tendering  us  free  use  of  the  cottages  and  baths,  which  kiadness  we  were  glad 
to  take  advantage  of.  While  here  the  survey  of  the  lake  was  completed,  and  connec- 
tion made  with  the  monuments  of  the  California  and  Nevada  State  line.  Lieutenant 
Tillman  v:sited  us  at  this  camp,  and  obtained  information  with  reference  to  points 
occupied  by  us  to  the  southward.  Learning  of  our  failure  to  reach  Mount  Rose  from 
the  west,  he  determined  to  attempt  the  ascent  from  the  north.  Of  the  success  of  this 
attempt  we  had  the  unexpected  pleasure  of  being  eye-witnesses.  While  occupying  a 
ihigb  poiut  north  of  the  lake  and  some  7  or  8  miles  southwest  of  Rose  we  were  delighted 
to  observe,  through  the  telescope  of  our  instrument,  Lieutenant  Tillmau  at  work.  The 
•next  day  we  .passed  over  4d»e  eastern  summit,  connecting  with  the  work  previously 


APPENDIX   NN.  1283 

done,  and  camped  at  Frank  town,  in  Washoe  Valley.  November  9,  we  reached  the  ren- 
dczvous-cainpat  Carson,  where  Messrs.  Henahawand  Conkling  were  detached  from  the 
party  under  orders  received  from  yon  early  in  the  season.  We  then  passed  up  the 
Carsou  Valley  as  far  as  Geaoa  Hot  Springs,  connecting  with  work  previously  done. 
Upon  the  completion  of  this  we  proceeded  to  occupy  a  peak  iu  the  range  of  mountains 
east  of  Carson  Valley,  and  known  to  ns  as  Mount  Como.  This  is  a  high  point  almost 
due  south  of  the  peak,  in  the  same  rauge  occupied  by  Lieutenant  Biruie's  party  early 
in  the  Reason  under  the  name  of  Mount  Lyons. 

On  the  way  to  our  peak  a  meander  was  obtained  of  Eldorado  Cation,  the  general 
course  of  which  is  nearly  north  and  south,  its  mouth  being  near  Dayton  on  the  Carsou 
River.  Soft  gray  limestone  occurs  near  the  entrauce  quite  plentifully,  and  is  burned 
in  a  lime-kiln  at  this  point.  A  good  toll-road  runs  up  this  canon,  and  a  small  stream 
meanders  its  way  through  it,  crossing  the  road  at  frequent  intervals.  The  slopes  on 
either  side  are  bare  of  vegetation,  except  now  and  then  a  little  sage  or  a  scrubby  pine. 
The  lack  of  vegetation  allows  one  to  see  easily  the  fantastic  shapes  into  which  the  ele- 
ments have  carved  the  rocky  sides,  but  the  heat  in  summer  must  be  very  groat.  Near 
the  head  of  this  can  on  is  situated  the  Virginia  City  Company's  coal-mine,  the  product 
being  a  lignite  of  fair  quality.  Proceeding  onward  some  3  miles  from  the  mine  we 
camped  near  the  base  of  what  is  locally  named  Mineral  Hill,  where  lie  the  springs  in 
which  Eldorado  Creek  rises.  This  bill  stands  up  well  when  viewed  from  the  neigh- 
borhood of  Virginia  City,  and  was  observed,  I  believe,  by  the  party  there  under  the 
name  of  Como.  The  poiut  known  to  us  under  this  name,  however,  lies  some  four  miles 
o  the  southeast,  aud  is  considerably  higher,  being  in  the  main  ran^e,  which  ruus  nearly 
tnorth  and  south,  and  is  called  in  the  neighborhood  the  "Como  Range/7  after  an  aban- 
doned mining-town  of  that  name  near  Muint  Lyons.  It  has  also  been  frequently  called 
the  Pine  Nut  Range,  after  the  timber  of  that  name,  which  was  once  quite  pleutif  ul,  but 
which  has  now  been  almost  entirely  cut  off  for  fuel. 

About  28  miles  in  length,  it  breaks  down  on  the  north  into  the  valley  of  the  Carsoi 
River,  which  sweeps  round  that  end,  and  on  the  south  iuto  that  of  the  West  Walker. 
Abont  4  miles  north  of  us  the  ridge  sends  out  a  spur  to  the  eastward,  which  drains  to 
the  north  iuto  the  Carson,  and  on  the  south  iuto  the  West  Walker.  Just  to  the  east 
lies  a  barren,  saudy  valley  contaiuiug  a  small  alkaline  flat.  To  the  east  of  this  is  a 
range  of  low,  sandy  hills,  beyond  which  lies  Mason's  Valley,  through  which  flows  the 
main  stream  of  the  Walker  River.  The  eastern  slope  is  quite  steep,  while  the  western 
falls  gradually  off  to  the  Carson  Valley,  being  broken  up  into  valleys  and  cations  by 
nriuor  ranges  and  foot-hills.  Mineral  Hill  is  high  enough  to  hide  the  Carson  Valley  to 
the  northeast,  but  it  is  visible  for  nearly  its  whole  length  south  of  Genoa. 

Finishing  our  work  here  we  returned  to  Carson  by  way  of  the  Brunswick  Canon, 
through  which  runs  a  fair  wagon-road,  which  crosses  the  caflon  by  a  bridge  at  the 
Brunswick  Mill,  where  there  is  a  toll-house. 

Leaving  Carson  again,  the  qnartz-uiills  along  the  river  between  Empire  and  Dayton 
were  located ;  then  passiug  through  Virginia  City  the  survey  of  the  Geiger  Grade,  lead- 
ing thence  into  Steamboat  Valley,  was  taken  up  where  the  work  of  Lieutenant  Symons's 
party  ceased,  and  camp  was  made  at  Steamboat  Springs,  on  the  Virginia  and  Truckee 
Railroad.  These  springs  fere  among  the  most  interesting  in  the  State,  and  have  been 
known  for  many  years.  Clouds  of  vapor  continually  rising  make  them  conspicuous 
for  several  miles.  From  the  name  one  might  be  led  to  expect  that  the  emission  of  this 
vapor  would  be  accompanied  by  a  sound  like  that  made  by  the  exhaust-steam  of  a 
western  river  steamer,  but  I  noticed  nothiug  of  the  sort.  The  rocky  mound  iu  which 
the  springs  lie  is  situated  at  the  base  of  a  spur  of  Mount  Rose.  Numerous  small  pools 
are  found  on  the  summit  of  this  mound,  the  temperature  of  the  water  varying  from 
blood-heat  to  almost  boiling.  Besides  the  pools,  long  irregular  fissures  occur  from  a 
few  inches  to  a  foot  in  width,,  and  extending  to  a  considerable  depth.  In  these  the 
water  can  be  seen  boiling  aud  bubbling  violently,  sometimes  disappearing  entirely, 
then  rising  to  view  again.  In  some  of  the  pools  I  noticed  a  white  deposit  like  that 
frequently  seen  in  sulphur  spriugs.  The  water  when  cool  is  perfectly  drinkable,  and 
is  not  so  impregnated  with  minerals  as  to  prevent  the  use  of  soap  in  washing.  A  hotel 
has  been  erected  here  and  has  connected  with  it  a  commodious  bath-house,  which  is 
built  directly  over  some  of  the  Assures  above  referred  to.  The  springs  are  easy  of  ac- 
cess, being  by  rail  only  11  miles  from  Reno  on  the  Central  Pacific  Railroad,  and  about 
20  from  Caason.  They  are  considerably  resorted  to  during  the  summer  on  account  of 
the  medicinal  properties  of  their  waters.  Steamboat  Creek  flows  a  few  hundred  feet 
east  of  the  springs  aud  empties  iuto  the  Truckee.  Steamboat  Valley  contains  a  con- 
siderable amount  of  arable  aud  grazing  laud,  and  widens  out  on  the  north  into  the 
Truckee  meadows. 

Our  next  camp  was  at  Glendale,  a  small  hamlet  on  the  Truckee,  and  formerly  a  sta- 
tion on  the  old  transcontinental  emigrant- road.  Passing  from  here  up  the  east  side 
of  Steamboat  Valley  along  the  base  of  the  range  running  north  from  Mount  Davidson 
several  topographical  stations  were  made  on  the  ridge,  and  a  small  portion  of  the  shore 
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of  Washoe  Lake  meandered.    The  rondezvous-cauip  was  reached  November  25th,  and 
the  party  disbanded. 

We  were  in  the  field  eighty  days,  during  which  time  we  traveled  in  all  1,024  miles, 
of  which  G54  were  meandered.  Seven  main  triangulation  stations  were  occupied,  and 
fourteeu  secondary.  Eight  hundred  and  thirty-four  stations  were  made  on  meauder 
line,  and  one  hundred  and  two  three-point  stations  as  checks  or  for  the  location  of  im- 
portant points.  One  hundred  and  three  cistern-barometer  altitudes  were  observed  be- 
sides the  aneroid  determination  at  each  meander  station.  The  highest  poiut  reached 
was  Fred's  Peak,  in  the  eastern  summit  of  the  Sierras,  10,862  feet  above  sea-level,  the 
lowest  4,222  feet,  on  the  Central  Pacific  Railroad. 

But  few  sextant  latitudo  observations  were  needed  as  checks,  since  every  important 
poiut  could  be  located  by  triangulation.  The  instrumental  outfit  of  the  party  was  the 
same  as  that  geuerally  allowed  and  ueeds  no  special  mention.  For  interesting  points 
concerning  the  natural  history  and  geology  of  the  area  visited,  I  beg  to  refer  to  the 
special  reports  of  Messrs.  Henshaw  and  Conkling. 
Very  respectfully,  your  obedient  servant, 

M.  M.  Macomb, 
Second  Lieutenant  Fourth  Artillery,  U.  S.  Army. 

Lieut.  Gko.  M.  Whkki.br, 

Corps  of  Engineers,  in  charge. 


Appendix  G. 

PRELIMINARY  REPORT  ON  EXAMINATION  AT  THE  COM8TOCK  LODE,  BY  JOHN  A.  CHURCH. 

Virginia  City,  Nev.,  June  30, 1877. 

Sir:  I  have  the  honor  to  submit  a  short  report  of  the  work  in  the  Washoe  iniuing 
district  during  the  month  of  June,  l£?7,  in  accoidauce  with  your  instructions.  Arriv- 
ing on  the  ground  on  the  11th  day  of  that  month,  it  was  obviously  impossible  to  do 
more  in  the  short  remainder  of  the  fiscal  year  than  to  place  and  euter  upou  the  prose- 
cution of  the  work. 

I  find  that  the  period  of  seven  or  eight  years  which  have  passed  since  the  last  ex- 
tended study  of  this  region  has  been  the  period  of  greatest  activity  and  greatest  change 
the  Comstock  lode  has  ever  witnessed.  The  mines  have  been  opened  a  thousand  feet 
deeper  than  in  1869,  and  have  changed  from  a  vertical  to  an  iucliued  system  of  work- 
ing, iu  correspondence  with  the  change  in  the  dip  of  the  vein.  To  meet  this  altered 
condition  of  things  the  miues  have  all  established-  a  separate  system  of  hoisting  for 
the  incline;  these  are  being  raised  to  the  head  of  the  incline  by  a  "giraffe*  and  then 
dumped  to  a  car  which  is  run  upon  the  cage  aud  hoisted  as  .formerly  through  the  ver- 
tical shaft.  None  of  them  attempt  to  raise  the  ore  by  one  continuous  hoist  through 
both  the  inclined  and  vertical  shafts.  Preparations  are  now  completed  in  one  shaft 
and  going  on  in  two  others  for  resuming  the  extraction  through  vertical  shafts  by 
sinking  iu  the  east  country-rock  of  distances  in  two  cases  of  more  than  half  a  mile  from 
the  outcrop  of  the  vein. 

Changes  quite  as  important  have  been  effected  in  machinery.  The  geared  pumping- 
engines,  wiiich  were  formerly  used  by  all  the  miues,  have  been  replaced  in  most  of 
them  by  very  elaborate  and  expensive  direct-acting  compound  engines,  controlled  by 
the  Davey  valve  gear,  which  has  been  somewhat  modified  in  this  region.  The  pumps 
are  all  of  the  Cornish  patteru  and  are  now  raising  water  from  depths  of  2,000  and 
2,300  feet.  Direct-acting  hoisting-engines  have  also  been  introduced  at  one  shaft,  and 
the  speed  of  hoisting  increased  in  those  mines  which  are  extracting  great  quantities  of 
ore.  Self-dumpiug  skeets  have  taken  or  will  take  the  place  of  the  ordinary  cage  aud 
car  in  two  of  the  deep  shafts.  These  alterations  iu  the  method  of  working  are  all  im- 
portant in  view  of  the  great  depths  to  which  these  mines  will  probably  be  carried. 
The  machinery  now  ou  the  ground  is  sufficient  for  depths  of  3,000  feet,  and  the  method 
of  working  the  incline  and  vertical  shafts  separately  adapts  it  to  much  deeper  sinking. 

Uuderground  engines  are  used  iu  considerable  numbers  for  pumping,  hoisting,  and 
veutilatiou,  aud  as  these  are  all  worked  by  compressed  air,  the  mines  along  thU  lode 
otter  probably  the  most  extensive  series  of  air-co  in  pressing  engines  to  be  found  iu  any 
district.    Ihey  are  mainly  of  two  types,  the  Burleigh  aud  a  modified  Waring. 

All  these  changes  have  produced  great  effect**  upon  the  mining  of  the  district  and  the 
financial  fortunes  of  the  owners.  As  now  instituted,  the  miuiug  industry  of  Washoe 
presents  important  opportunities  for  studying  the  effect  and  ecouomy  of  modem  oiin- 
lng-machiuery. 

Veutilatiou  and  pumping  have  become  questions  of  especial  importance.    The  heat 


APPENDIX   NN.  "  1285 

of  the  vein,  and  also  of  the  country-rock,  haa  on  the  whole  increased,  or,  at  all  events, 
high  temperatures  have  become  more  common  as  the  workings  gained  in  depth.  Ob- 
servations on  this  point  have  been  collected,  and  a  system  will  soon  be  instituted  which, 
it  is  hoped,  will  afford  valuable  information  upon  the  best  means  of  overcoming  the 
heat  of  the  mines. 

The  deep  adit  called  the  Sutro  Tunnel  has  penetrated  about  17,500  feet,  and  is  now 
about  2,750  feet  from  the  lode.  It  is  advancing  at  a  rate  of  speed  which  should  take  it 
to  the  vein  about  March,  1876.  It  will,  however,  reach  the  line  of  the  deep  shafts  sunk 
in  the  east  country  rock  some  time  next  month.  Its  completion  cannot  fail  to  have 
important  results  upon  the  drainage  of  a  veiu  that  is  liable  to  sudden  outbursts  of 
water  iu  great  quantities,  as  the  Coinstock  is. 

The  milling  of  the  ores  has  undergone  some  alterations,  hut  nothing  so  extensive  as 
those  above  indicated  in  the  miniug.  The  latest-built  mills  are  models  of  convenient 
arrangement  and  economy.  On  the  whole,  the  ore  which  is  now  extracted  is  richer 
than  any  which  has  been  obtained  since  the  earliest  period  of  mining  on  the  Comstock 
vein,  and  the  problem  of  milling  these  ores  with  as  high,  or  a  higher,  return  as  was 
formerly  obtained  from  less-rich  ores  has  been  successfully  grappled  with. 

I  have  thus  sketched,  in  a  very  general  way,  the  condition  of  the  field  to  which  I  am 
assigned.  My  work  so  far  has  contested  in  preparing  for  the  observations  necessary  to 
a  study  of  the  ventilation  and  drainage  of  the  vein  and  the  positiou  of  the  ore- bodies 
found  below  the  1,000-foot  levels. 

I  have  great  pleasure  in  acknowledging  the  courtesy  and  frankness  with  which  every 
oue  connected  with  the  mines  has  received  me.     No  restraint  has  been  placed  upou 
investigation,  but,  on  the  contrary,  the  survey  can  count  upon  the  active  co-operation 
of  the  mining  compauies,  even  at  some  trouble  and  cost  to  themselves. 
I  am,  very  respectfully,  yours, 

John  A.  CnuRcn, 

Mining  Engineer, 

Lieut.  Geo.  M.  Wheeler, 

Corps  of  Engineers,  in  charge. 
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GEOLOGICAL  REPORT  ON  THE  PORTIONS  OF  WESTERN  NEVADA  AND  EASTERN  CALIFOR- 
NIA BETWEEN  THE  PARALLELS  OF  39°  30'  AND  33°  30',  EXPLORED  IN  THE  FIELD- 
SEASON   OF   1876,   BY    MR.  A.   R.   CONKLING. 

New  York  City,  April  16, 1877. 

Sir:  The  area  examined  is  bounded  on  the  north  by  a  liti£  drawn  throngh  Trnckee, 
Cal.,  and  Washoe  City,  Nev. ;  on  the  east  by  the  Mount  Davidson  Range  and  theComo 
Mountains;  on  the  south  by  Job's  Peak  and  Pyramid  Peak;  and  ou  the  west  by  the 
Western  Summit  and  the  Trnckee  River. 

Nearly  all  of  this  region  is  covered  by  granite,  with  occasional  outbursts  of  basaltic 
rocks.  No  fossils  are  found  except  at  the  State  prison  quarries,  one  mile  east  of  Car- 
son City.  There  is  abundant  evidence  of  the  former  existence  of  glaciers  in  the  mount- 
ains bordering  Lake  Tahoe.  Thermal  and  mineral  spriugs  occur  in  several  localities. 
A  few  ore-deposits  are  found  within  the  area  explored  in  1876,  but  only  oue  of  them 
poHsesses  sufficient  importance  to  deserve  more  than  a  passing  notice. 

Two  ridges,  running  north  and  south,  traverse  this  section  of  country.  They  are 
termed  the  eastern  and  western  summit*.  Lake  Tahoe  separates  the  one  from  the 
other.  The  latter  range  is  more  broken  up  by  precipitous  canons  and  minor  ridges  than 
the  former.  Both  the  summits  are  sparingly  wooded,  from  the  base  to  the  crest-line,  and 
may  be  regarded  as  parallel  lines  of  elevation. 

Having  given  an  account  of  the  general  features  of  the  area  explored  in  1876, 1  now 
propose  to  take  up  the  geology  in  the  following  order  : 

1.  Description  of  the  Carson  Valley  and  vicinity. 

2.  Sketoh  of  Lake  Tahoe. 

3.  The  eastern  summit. 

4.  The  western  summit. 

THE  CARSON   VALLEY. 

There  are  several  thermal  springs  in  the  Carson  Valley  within  a  radius  of  about 
fifteen  miles  of  the  capital  of  Nevada.  The  most  important  spring  rises  in  yellowish 
MandMtone  about  a  mile  eait  of  Cur  son.  The  temperature  of  the  water  is  111  degrees 
F.  A  bath-house  has  been  erected  at  the  springs  adjoining  the  State  prison.  Another 
hot  spring  occurs  in  mica  slate  2$  miles  northeast  of  Carson.  The  water  is  clear  and 
has  a  temperature  of  120  degrees  F.    There  are  several  wells  about  10  iuches  deep  in 


1286  REPORT   OF   THE   CHIEF   OF    ENGINEERS. 

the  ground  filled  with  this  thermal  water.  Both  these  springs  contain  sulphereted 
hydrogen,  a  gas  generally  evolved  in  the  fissures  of  roek  in  a  volcanic  region.  At  Genoa, 
14  miles  south  of  Carson,  and  near  Franktown,  10  miles  north  of  the  same  place,  warm 
springs  occur.  Both  honses  and  hotels  have  been  built  at  both  these  localities.  I  was 
unable  to  learn  the  temperature  of  either  of  these  thermal  waters.  I  collected  quart 
bottles  full  of  water  from  the  above  springs  for  analysis,  but  upon  reaching  Washington 
it  was  found  that  either  the  cold  weather  or  careless  treatment  in  transportation  had 
resulted  in  the  breakage  of  the  bottles  and  consequent  loss  of  contents. 

The  greater  part  of  the  Cat  son  Valley  belongs  to  the  Quaternary,  and  there  is  very 
little  rock  in  situ,  excepting  on  the  eastern  side  of  the  valley,  where  a  few  minor 
ridges  and  buttes  of  basalt  occur.  The  line  of  upheaval  in  these  ridges  is  north  and 
south.  Beginning  on  the  north,  we  have  a  low  range  of  gray  granite,  which  contains 
numerous  crystals  of  black  hornblende,  and  separates  Washoe  Valley  from  the  Car- 
son Valley.  Rocky  tors  of  granite  outcrop  in  various  places  on  this  divide.  The 
North  Carson  Mine  occurs  in  this  ridge,  but  for  a  description  of  it  see  chapter  on 
mines.  At  Swift's  Spring,  2|  miles  northeast  of  Carson,  a  ledge  of  gray  mica  slat©  out- 
crops. This  is  the  only  locality  in  the  valley  where  a  metamorpbic  rock  is  found.  I 
did  not  find  the  continuation  of  the  mica-slate  beds.  Olivine  in  crusts  a  low  ridge  of 
diorite  about  50  feet  high  and  a  quarter  of  a  mile  long  in  the  eastern  part  of  the  Car- 
son Valley.  A  mass  of  granular  yellow  sandstone  about  30  feet  thick  outcrops  at  a 
point  a  mile  east  of  Carson.  This  sandstone  is  underlaid  by  clay,  and  apparently  does 
not  cover  more  than  an  acre.  Invertebrate  fossils  are  common  in  the  rock,  particularly 
the  genus  Unio,  which  is  often  times  stained  by  the  oxide  of  iron.  Vertebrate  remains 
have  also  been  found,  but  I  was  unable  to  obtain  any.  Black  mica  is  sparingly  dissem- 
inated through  the  sandstone.  The  rock  is  extensively  quarried  by  the  inmates  of  the 
State  prison,  and  is  much  used  for  building  purposes.  The  State-house  aud  railway 
shops  of  the  Virginia  and  Trnckee  Railroad  are  constructed  of  this  Batidstone.  Buttes 
of  gray  basalt,  with  a  porphyritic  texture,  are  found  a  short  distance  east  and  south- 
east of  the  State  prison.  The  Como  Mountains  form  the  eastern  bonndary  of  the  Car- 
son Valley.  They  are  composed  of  trachyte-porphyry.  The  height  of  this  range  is 
about  8,500  feet. 

A  bed  of  soft  gray  limestone,  having  a  compact  texture,  occurs  near  Dayton,  and  a 

bed  of  blue  limestone  is  found  near  the  stage-road  about  half-way  between  Carson  City 

and  Clear  Creek.    This  rock  is  burned  in  kilns  at  both  localities,  but  I  was  unable  to 

examine  either  of  the  deposits  of  limestone,  aud  hence  cannot  state  the  thickness  or 

'  dip  of  the  strata. 

A  bed  of  lignite  occurs  about  8  miles  due  east  of  the  Carson  Valley.  It  lies  iu  the 
El  Dorado  Cation,  on  the  line  of  Ormsby  aud  Lyon  Counties.  The  locality  is  known 
as  the  Virginia  City  Company's  Coal-mine.  A  good  wagon-road  from  Dayton  renders 
the  mine  easy  of  accets. 

This  lignite  was  discovered  by  English  miners  soon  after  the  finding  of  the  Coin  stock 
Lode.  Prior  to  1865, 9,H00  tons  of  browu  coal  were  exported  from  the  mine,  aud  under  the 
incorporation  of  1872,  21,t>00  tons  were  taken  out,  making  a  total  of  31,400  tons  since 
the  formal  opening  of  the  mine.  After  1863  the  Virgiuia  Ciry  Company  suspended  work 
for  about  eight  years.  Out  of  the  31,400  tons  which  the  mine  has  yielded,  13,800  tons 
have  been  burned  in  Storey  County,  and  the  balance  at  the  company's  hoisting- works. 
The  amount  of  money  expended  since  the  re-incorporation  of  1872  is  $  110,000,  and 
previous  to  that  time  about  the  same  sum,  making  in  round  numbers  the  total  cost  of 
working  the  mine  $220,000.  I  visited  this  deposit  of  lignite  iu  the  El  Dorado  Cafiou 
on  November  V0,  1876,  in  company  with  Prof.  W.  F.  Stewart  and  Mr.  R.  M.  Daggett, 
the  superintendent  of  the  company.  The  object  of  our  visit  was  to  select  a  spot  for 
the  sinking  of  a  new  shaft.  After  some  consultation  a  locality  was  decided  upon  about 
1,200  feet  southwest  of  the  present  hoisting-works.  Professor  Stewart  has  described 
the  lignite  beds  in  detail,  and  I  condense  from  his  report  the  following :  "  The  coal  in- 
dications iu  Western  Nevada  generally  appear  in  the  Tertiary.  There  is  reason  to 
believe  that  the  El  Dorado  lignite  belongs  to  this  age.  The  mine  lies  near  the  bead 
of  the  c^fion.  There  are  two  shafts,  called  respectively  the  Virginia  and  Newcastle. 
The  former  shaft  is  420  feet  deep,  and  is  the  one  most  used,  as  the  hoisting-works  are 
at  the  mouth  of  it,  while  the  latter  one  is  but  85  feet  deep  and  is  now  full  of  water. 
For  about  300  feet  from  the  surface  the  formation  consists  of  alternating  layers  of  marl, 
soft,  gray  sandstones,  shales,  tire-clay,  carbonized  vegetable  matter,  and  beds  of  weath- 
ered lignite.  Below  this  is  pudding-stone  or  bowlder  clay,  There  are  three  veins  of 
lignite,  which  are,  countiug  from  the  surface,  respectively  16  feet,  15  feet,  and  6  to  8 
feet  in  thickness.  Bowlders  and  volcanic  ashes  occur  between  the  veins.  Pyrite  is 
found  with  the  lignite  in  the  form  of  cubes.  In  making  a  section  across  the  lignite 
beds  from  southeast  to  northwest  we  have  lir*t  granite,  then  the*  miscellaneous  forma- 
tion containing  the  veins  of  lignite,  then  a  dike  of  basalt,  uext  sedimentary  strata  re- 
ferred to  the  Tertiary,  and  fiually  an  extensive  mass  of  trachyte,  which  covers  the 
country  for  several  miles." 
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SKETCH  OF  LAKE  TAHOE. 

Lake  Tahoe  lies  in  tbe  heart  of  the  Sierra  Nevada,  at  an  elevation  of  6,202  fret  above 
the  sea-level.  It  is  one  of  the  largest  fresh- water  lakes  in  the  West,  and,  unlike  many 
other  sheets  of  water,  ooutaius  no  islands.  Lake  Tahoe  is  inclosed  by  two  parallel 
ranges  of  grayish  granite,  called  respectively  the  Eastern  and  Western  Summits. 

Lake  Tahoe  is  21  miles  long  and  12  miles  iu  the  widest  part.  The  breadth,  however, 
varies  greatly,  the  southern  portion  being  much  narrower  thau  the  northern.  The 
shore-liue  is  very  diversified.  The  numerous  bays,  rocky  promontories,  bold  headlands, 
estuaries,  aud  beaches,  oftentimes  covered  with  pebbles,  remind  one  of  a  miniature 
ocean.  Hot  springs  are  found  on  the  uorth  side  of  Lake  Tahoe,  near  Campbell's  hotel. 
.They  rise  in  granite.  Standing  on  the  dock  in  front  of  the  hotel,  tbe  observer  may  see 
bubbles  of  gas  in  several  places  rising  iu  the  clear  water  of  the  lake.  One  spring  is  in- 
closed by  a  brick  wall  abont  3  by  4  feet.  The  temperature  of  the  water  in  this  spring 
is  132°  F.  A  bath-house  has  been  built  near  the  hotel  directly  over  another  spring, 
having  a  temperature  of  128°  F.    The  spring-water  contains  sulpbydrio  acid. 

Lake  Tahoe  is  remarkable  for  its  great  depth.  It  is  probably  the  deepest  lake  in  the 
United  States.  There  are  only  two  lakes  iu  E'irope  that  are  deeper  than  Tahoe,  viz  ; 
Lago  Miggiore  and  Lago  di  Coino,  iu  Italy.  '  The  shallow  water  has  an  emerald-green, 
color,  which  is  more  frequently  observed  on  the  southern  and  southeastern  portions 
of  the  lake  than  elsewhere.  The  width  of  the  emerald-green  zone  varies  greatly.  Iu 
some  places  this  zone  is  nearly  half  a  mile  broad,  especially  in  the  shallow  water  of  the 
southern  part  of  the  lake.  Where  the  bottom  slopes  rapidly  the  emerald-green  water 
extends  only  100  to  150  feet  from  the  shore-line.  The  deep  water  is  of  elegant  ultra- 
marine-blue color.  The  transparency  of  the  water  is  wonderful.  According  to  experi- 
ments made  by  Prof.  John  Le  Conte,  a  white  object  can  be  seen  at  a  depth  of  115  feet. 
The  depth  of  the  water  at  the  line  of  junction  of  the  ultramarine-blue  and  emerald- 
greeu  colors  is  at  least  100  feet.  The  temperature  of  Lake  Tahoe,  taken  on  tbe  north 
shore  iu  November,  is  50°  F.  This  lake  does  not  freeze  in  winter,  and  I  am  inclined  to 
believe  that  there  is  but  little  variation  of  temperature,  if  any,  throughout  the  year. 
The  temperature  of  the  deep  Alpine  lakes  is  31>  .2  F.  at  all  seasons  of  the  year.  People 
living  on  the  borders  of  the  lake  rarely  bathe  in  it,  even  in  midsummer. 

Soundings  were  made  in  Lake  Tahoe  in  November,  1875,  by  Messrs.  John  McKiuney 
and  Thomas  Jackson,  two  of  the  oldest  settlers  in  this  section  of  California.  The  ap- 
paratus used  belonged  to  the  Coast  Survey,  and  was  forwarded  from  Oakland,  by  Prof. 
Joseph  Le  Conte.  It  consists  of  a  hexagon  ally-shaped  plumb  attached  to  a  rope  about 
one-quarter  inch  in  dia  ueter.  Rhoinbio  pieces  of  brass  are  fastened  to  the  rope  at  in- 
tervals of  100  feet.  There  is  a  bit  of  leather  half-way  between  the  pioces  of  brass,  and 
the  space  between  each  bit  of  leather  and  brass  is  divided  equally  by  a  scrap  of  red 
cloth.  By  means  of  this  apparatus  many  sonndings  were  taken  along  the  State  line, 
which  runs  through  the  middle  of  the  lake,  and  in  the  western  part  of  this  body  of 
water  from  Emerald  Bay  to  Observatory  Point.  The  sounding-line  was  not  used  at 
any  place  east  of  the  State  line.  Supposing  the  reader  to  be  familiar  with  the  outline 
of  Lake  Tahoe,  and  beginning  at  tbe  southern  end,  the  first  sounding  is  900  feet  near 
the  point  where  the  State  line  trends  to  the  southeast.  Going  northwards  the  depth 
increases  steadily.  Soundings  taken  at  five  localities  iudicate  a  depth  respectively  of 
1,385  feet,  1,405  feet,  1,524  feet,  1,600  feet,  and  1,645  feet.  The  average  depth  of  the 
lake  measured  along  the  State  line,  for  10  miles  due  north  and  south,  is  from  1,200  to 
1,410  feet.  Commencing  on  the  western  shore  of  the  lake,  near  Emerald  Bay,  the  first 
sounding  is  750  feet.  At  Rubicon  Point,  4  miles  further  north,  the  depth  is  850  feet 
near  the  shore.  This  is  owing  to  tbe  fact  that  the  face  of  this  rocky  headland  slants 
quite  abrnptly.  At  Meigs's  Bay  the  depth  is  750  featt  at  McCounell's  it  is  700  feet,  and 
Barton's  Mills  it  is  330  feet.  A  short  distance  eastward  of  the  two  latter  places  the 
lake  deepens  rapidly.  Midway  between  the  State  line  and  the  shore  at  McConnell's, 
the  sounding  taken  was  1,506  feet,  and  at  a  point  a  few  miles  north,  opposite  Barton's 
Mills,  the  sounding-line  marked  1.540,  feet.  Keeping  tolerably  near  the  shore  we  have 
772  feet  as  the  next  sounding  north  of  Barton's  Mill.  The  last  observations  to  be  men- 
tioned were  taken  in  the  northwestern  portion  of  the  lake.  In  front  of  Tahoe  City,  the 
depth  was  found  to  be  312  feet;  a  little  further  east  the  sounding-line  indicated  1,350 
feet,  and  still  further  near  the  State  line  it  is  marked  1,504  feet.  In  general  it  may  bo 
said  that  while  the  depth  increases  in  the  middle  of  the  lake  in  going  from  south  to 
north,  it  decreases  jn  the  same  direction  in  the  western  portion.  Iu  some  places  the 
sediment  at  the  bottom  adhered  to  the  plumb,  aud  the  specimens  thus  brought  up  en- 
able ns  to  form  some  idea  of  the  lake-bed.  Near  Emerald  Bay  mica  was  fouud  iu  tbe 
soundings  in  considerable  quantities,  evidently  derived  from  the  disintegration  of  the 
granitic  rocks  bordering  the  lake.  But  the  most  interesting  sediment  was  obtained  at 
a  point  near  the  deepest  part  of  the  lake,  3|  miles  southeast  of  the  Warm  Springs,  and 
about  3£  miles  northeast  of  Observatory  Point.  I  have  examined  this  sediment  with 
the  microscope  and  find  that  it  contains  many  species  of  Diatoms.  Not  being  very 
familiar  with  the  protophytes,  I  sent  some  of  the  sediment  to  Prof.  H.  L.  Smith,  of 
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Geneva,  N.  Y.,  for  investigation.  A  few  days  afterwards  Professor  Smith  informed  me 
that  lie  had  identified  the  following  species:  Cyclottlla  operculata,  C.  mtnla,  Pinnula- 
ria  viridis,  Navicula  varians,  Epiihrmia  turgida,  E.  %orexy  E.  argue,  E.  gibba,  E.  Wester- 
manii,  Gomphonema,  dichotomum,  G.  ten* Hum,  G.  hereulaneum,  Himantidium  undulatum, 
Frag  il aria  capuviua,  Coeconeis  placenlula,  Navicula  elliptic*,  Cocconema  lanceolatum  and 

varieties,  Maatogloia ,  Cymbella ,  Celosira  undulatum,    Melosira  ilalica  is  the 

coronionent  upecies.    The  sediment  consists  chiefly  of  it. 

Prof.  Joseph  Le  Conte  has  examined  sediment  from  the  bottom  of  Lake  Tahoe.  He 
informs  me  that  a  few  Diatoms  are  found  at  a  small  depth,  while  the  sediment  at  great 
depths  consists  entirely  of  Diatoms  and  certain  organic  particles,  which  puzzled  him 
for  a  long  time,  as  they  were  much  disintegrated.  Finally  Professor  Le  Conte  recog- 
nized this  organic  matter  to  be  the  pollen  grains  of  conifers.  They  are  blown  over  the 
lake,  sink,  and  do  not  decompose  on  account  of  the  coldness  of  the  water.  In  closing 
the  chapter  on  Lake  Tahoe  I  cannot  do  better  than  make  a  brief  reference  to  the  ap- 
pearauce  of  the  lake  in  windy  weather.  During  storms  it  is  not  uncommon  to  see 
waves  2,  3,  and  sometimes  4  feet  in  height.  In  ordinary  weather  sufficient,  motion  is 
imparted  to  a  row-boat  to  cause  sea-sickness.  Even  on  a  calm  day  there  is  a  gentle 
undulating  movement  of  the  water  along  the  lake-coast.  During  a  tresh  gale,  the 
waves  beat  agaiust  the  shore  with  almost  as  much  noise  and  force  as  on  the  Atlantic 
coast.  The  shore-line  is  continually  shifting,  especially  on  the  southern  side  of  the 
lake,  where  a  sand-beach  occurs.  Scattered  along  the  const  of  Lake  Taboe  are  numer- 
ous pebbles,  which  are  wafted  by  the  waves  from  place  to  place  as  on  a  sea-beach. 

THE  KA8TERN  SUMMIT. 

This  name  has  been  given  to  the  mountain-range  forming  the  eastern  boundary  of 
Lake  Tahoe,  and  extending  north  and  south  for  about  34  miles.  My  observations  were 
confined  to  the  portion  of  the  eastern  summit  lying  between  Mount  Rose  and  Job's 
Peaks.  The  ridg«— Hue  of  this  range  is  gently  undulating,  and  has  a  nearly  uniform 
height,  there  being  no  lofty  pinnacles  rising  above  it.  Toere  are  but  few  precipitous 
gorges  in  the  eastern  summit,  and  the  canons  are  regular  in  form,  with  the  exception 
of  Clear  Creek  Canon,  which  is  not  only  very  broad  and  winding,  but  nearly  traverses 
the  entire  range.  The  main  stage-road  to  Glen  brook  runs  through  the  bottom  of  Clear 
Creek  Caiiou,  and  the  western  part  of  the  road  from  Carson  City  through  Kiug's  Canon 
extends  aloug  the  northern  side  of  this  canon.  These  roads  unite  at  the  summit  of 
the  pass,  7,186  feet  high,  near  the  toll-gate.  From  this  point  a  broad  wagon-road  is 
continued  down  the  western  slope  of  the  range  to  Glenbrook,  a  distance  of  2£  miles. 
There  is  but  one  other  pass  that  is  traversed  by  a  wagou-road,  viz,  the  pass  bet  wee  u 
G^noa  and  Kearney's  Station.  There  are  several  other  defiles  in  the  Eastern  Summit 
that  can  be  made  practicable  for  wagons.  A  wagon-road  crosses  the  range  and 
descends  on  the  western  slope  to  the  Virginia  tunnel.  There  is  a  road  running  to  the 
head  of  the  en  ft  on  due  south  of  Mount  Rose.  The  topographical  features  of  the 
onntry  won  Id.  not  prevent  the  prolongation  of  these  two  roads  across  the  range  to 
the  foot  of  the  western  side. 

The  western  slope  of  the  Eastern  Summit,  like  other  ranges  in  the  far  West,  is  much 
steeper  than  the  eastern  slope.  The  entire  range  is  densely  wooded,  although  the  tim- 
ber has  been  removed  on  the  eastern  side.  As  the  method  of  lumbering  practiced  here 
in  somewhat  peculiar,  a  description  of  it  may  be  of  interest.  On  account  of  the  large 
size  of  the  trees,  saws  are  used  instead  of  axes  in  felling  them.  After  a  tree  is  cut 
down,  it  is  sawed  into  sections  about  5  feet  long.  D<5ep  holes  are  bored  into  these  sec- 
tions with  a  long-shanked  auger,  into  which  powder  is  stored,  and  the  wood  is  blasted 
in  the  same  manner  as  rock.  There  is  no  arable  land  on  the  eastern  slope  of  the 
Eastern  Summit,  except  in  Clear  Creek  Cafton,  where  a  few  vegetables  are  raised.  There 
aie  afew  small  Alpine  lakes  on  the  summit,  of  the  range.  The  Twin  Lakes  are  scarcely 
worthy  of  the  name,  being  only  400  by  200  feet  in  area.  Marlette  or  Stiver  Lake  is 
about  half  a  square  mile  in  area.  This  lake  is  partly  artificial,  its  size  having  been 
increased  by  damming.  A  tunnel  about  8  by  b*  feet  in  cross-section  rurs  out.  of  Mar- 
lette Lake.  It  will  be  4,500  feet  long  when  finished  and  has  a  southeasterly  directiou. 
The  waters  will  be  conducted  from  the  east  end  of  the  tunnel  to  the  Carbon  Valley  by 
a  flume.  The  water  in  the  streams  of  the  Eastern  Summit  is  cold  and  clear.  The 
creeks  running  down  the  eastern  slope  flow  through  the  Carson  Plain  and  empty  into 
the  Carson  River,  while  those  on  the  western  side  of  the  summit  empty  into  Lake 
Tahoe.  There  are  no  irrigating-ditches  in  the  Eastern  Summit,'  but  the  waters  of 
several  streams  are  diverted  from  their  natural  course  and  conducted  through  flumes 
for  the  transportation  of  lumber.  The  principal  flumes  in  this  range  are  the  Clear 
Creek  Caiion,  the  Franktown,  and  the  Washoe  City. 

The  streams  in  the  Eastern  Summit  are  rapid,  narrow,  and  easily  fordable.  The  soil 
of  the  range  is  largely  composed  of  disintegrated  granite.  Numerous  spurs  diverge 
from  the  eastern  slope  of  this  range,  and  extend  in  some  cases  far  out  into  the  plaiu, 
appearing  like  buttresses.    There  are  no  spurs  on  the  western  slope,  unless  the  head- 
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lands  and  points  projecting  into  Lake  Tahoe  are  considered  as  such.  A  general 
account  of  the  topographical  features  along  the  eastern  border  of  Lake  Taboe  may  be 
appropriately  given  iu  connection  with  the  Eastern  Summit.  Beginning  at  the  nortb- 
east  corner  of  the  lake  we  have  the  semicircular  Tod  man's  Bay,  which  bas  for  tbe  most 
part  a  sandy  beach.  In  tbe  northeast  corner,  black  magnetic  sand  occurs  on  tbe  shore. 
For  tbe  next  6  miles  tbe  banks  of  the  lake  are  steep,  and  several  low  promontories 
extend  from  tbe  shore.  Just  north  of  Glen  brook  a  bold  rocky  headland  projects  far 
out  from  the  general  shore-line,  and  forms  a  very  conspicuous  point  in  the  northern 
half  of  the  lake.  Glenbrook,  the  most  important  settlement  on  Lak<*  Taboe,  aud  the 
headquarters  of  the  lumber  trade,  lies  in  a  small  bay.  There  is  considerable  arable- 
land  in  this  vicinity.  A  strip  of  productive  land  extends  back  from  tbe  lake  for  a  dis- 
tance of  2  miles,  where  it  is  called  Spooner's  Meadow.  Proceeding  south  the  coast- 
line is  quite  uniform  until  Cave  Rock  is  reached.  This  is  a  very  conspicuous  point. 
Tbe  name  is  derived  from  the  fact  that  a  cave  about  20  feet  long  aud  10  feet  high 
occurs  ou  th6  8onth  side  of  this  projecting  rock,  which  consists  of  porphyritic  trachyte. 
There  are  three  low,  densely  wooded  tongues  of  land  on  tbe  eastern  side  of  Lake 
Taboe  south  of  Cave  Rock.  The  shore-line  is  regular,  and  sandy  for  tbe  remaiuiug 
portion  of  this  coast  of  tbe  lake.  A  good  wagon-road  follows  tbe  eastern  border  of 
this  sheet  of  water  from  Glenbrook  to  Lake  Valley.  There  are  no  outlying  ridges 
belonging  to  the  Eastern  Summit  that  run  parallel  to  it.  Tbe  Eastern  Summit  is 
bounded  on  tbe  east  by  tbe  alluvial  valleys  of  Carson  and  Washoe.  The  low  ridge  of 
granite  that  separates  these  valleys  may  be  regarded  as  a  spur  of  this  main  range. 
There  in  no  other  place  between  Washoe  City  and  Carson  City  where  rock  occurs  in  situ, 

Tbe  Eastern  Summit  consists  chiefly  of  granite  and  syenitic  granite.  A  few  erup- 
tions of  igneous  rock  have  taken  place  throughout  the  rauge.  Beginning  at  the  north- 
ernmost part  of  the  range  explored  by  me,  the  first  upheaval  is  Mount  Rose,  where  a 
conical  moss  of  basalt  has  broken  through  the  grauite.  Many  bowlders  of  this  rock 
are  scattered  over  the  country  for  several  miles  to  the  east  aud  south.  The  color  of 
the  rock  is  blue,  and  on  the  summit  of  Mount  Rose  the  basalt  is  laminated  and  ferru- 
ginous. There  are  no  trees  within  300  feet  of  tbe  top  of  the  peak,  the  only  vegeta- 
tion being  moss  and  occasional  tufts  of  grass.  There  are  many  anticlinal  ridges  run- 
ning in  every  direction  on  the  west  of  Mount  Rose.  The  rock  forming  the  summit  is 
much  disintegrated,  and  tbe  south  side,  which  is  quite  steep,  is  covered  with  debris. 
This  peak  is  10,820  feet  high.  A  spur  of  the  Eastern  Summit,  near  Carson,  consists  of 
trachyte.  On  the  western  side  of  the  range,  just  south  of  Glenbrook,  a  mass  of  feld- 
spatbic  dioiite,  about  TOO  feet  high,  occurs.  It  has  been  called  Shakspeare's  Cliff,  on 
account  of  a  peculiar  grouping  of  the  lichens  ou  the  face  of  the  cliff  bearing  a  strong 
resemblance  to  the  profile  of  tbepo*-t.  The  north  side  of  this  butte  is  perpendicular 
half-way  down,  with  soil  and  debris  sloping  to  the  valley.  The  south  side  coutains 
many  pillars  of  tbe  diorite,  showing  the  prismatic  structure  finely..  Some  of  these 
columns  are  curved,  and  of  considerable  length.  Shakspeare's  Cliff  is  773  feet  above 
Lake  Taboe.  Tbe  butte  known  as  Cave  Rock  bas  already  beeu  mentioned.  It  is  about 
lf>0  feet  high.  No  igneous  rock  is  found  60iith  of  this  point  in  tbe  portions  of  tbe 
Eastern  Summit  explored  by  me. 

Tbe  conical  mountains  known  as  Job's  Peaks  and  Freel's  Peak  form  the  southern- 
most limit  of  this  range.  These  peaks,  together  with  their  outliers  ou  the  north  and 
west,  consist  of  grayish  granite.  Some  of  the  ridges  diverging  from  Job's  Peaks  have 
a  serrated  outline,  and  are  densely  wooded  with  pine  and  spruce.  The  summits  of 
these  peaks  are  covered  with  loose  fragments  of  granite,  while  the  slopes  are  dotted 
with  rocky  tors  and  projecting  crags,  which  present  a  very  picturesque  app*arance. 
The  altitude  of  these  mountains  is  as  follows:  Freel's  Peak,  10,8(>2  feet;  Job's  Peak, 
10,050  fent;  Job's  Sister,  10,700  feet.  In  general,  it  may  be  said  that,  the  ridge-line  of 
the  plateau-like  range  called  the  Eastern  Summit  consists  entirely  of  grauite,  which  is 
rianked  iu  several  places  by  igneous  rock-,  which  are  usually  spurs  of  the  range.  Tbe 
average  height  of  the  Eastern  Summit  is  about  9,^00  bet.  Ote-depostts  occur  in  the 
Eastern  Summit,  tbe  principal  of  which  are  the  following: 

1.  Tho  Montreal  mine.  This  mine  is  situated  about  2|  miles  northwest  of  Carson 
City.  It  was  first  opened  in  1870,  aud  has  been  worked  at.  intervals  ever  siuce.  A 
tunnel,  several  hundred  feet  long,  has  been  driven  in  the  side  of  the  mountain,  above 
which  is  still  another  tunnel  150  feet  in  length.  The  ore  occurs  in  gray  grauite  and 
quartz  rock.  The  granite  is  frequently  poor  in  mica.  Dark-blue  saudstone-veius 
traverse  the  country-rock.  There  is  but  little  water  in  tbe  mines.  Tbe  ore  is  argen- 
tiferous ;  some  of  it  is  said  to  assay  as  much  as  $1,700  per  ton.  The  main  rock  form- 
ing the  slopnof  the  monntaiu  iu  which  the  Montreal  mine  lies  is  syenitic  granite.  A 
small  stamping-mill  was  in  course  of  erection  iu  September,  1876,  aud  eigbteeu  men 
were  working  at  that  time. 

2.  The  Emerald  mine  adjoins  the  preceding.  This  mine  was  discovered  in  1874,  aud 
has  been  worked  at  intervals  since  then.  A  tunnel  400  feet  long  has  been  driven  in 
tbe  grauite.  The  rock  is  darker  within  the  tunuel  than  at  tbe  surface,  where  it  is  soft 
and  orambling.    The  ore  assays  $90  to  the  ton. 
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3.  The  Clear  Creek  Canon  mine  known  as  the  William'*  Lode.  This  mine  was 
opened  in  the  autumn  of  1875,  and  has  been  worked  at  intervals  from  that  time.  The 
wall-rock  is  granite,  overlaid  by  grayish  clay.  The  vein  runs  north  71°  east,  and  is 
about  3  feet  wide.  The  dip  is  37°.  There  is  a  tunnel  300  feet  long,  and  a  shaft  75  feet 
deep  has  beeu  sank.  The  minerals  found  are  malachite,  azurite,  pyrite,  and  crystal- 
line-quartz. About  $00,000  has  been  expended  on  this  mine,  and  but  two  men  were 
working  in  September,  1876.  Half  a  mile  northward  is  the  Woodstock  Lode.  The 
vein-matter  ruus  northeast  and  southwest,  and  is  exposed  in  a  small  prospect-hole. 
Both  the  Williams  and  Woodstock  Lodes  are  argentiferous.  There  are  several  other 
prospect-holes  on  the  ridge  between  Clear  Creek  and  Carsou  City,  but  no  develop- 
ments of  any  account  have  been  made  thus  far. 

4.  The  Niagara  mine.  I  did  not  visit  this  mine,  bnt  the  following  description  is  con- 
densed from  the  report  of  Mr.  H.  R.  Whitehill  for  1873-74:  "The  Niagara  mine  is 
situated  north  of  King's  Canon,  and  west  of  Carsou.  The  vein  is  incased  iu  slate  and 
gneiss,  and  is  30  feet  wide  on  the  100-foot  level.  Besides  two  cross-cuts  on  the  surface, 
there  is  a  shaft  5  by  6  feet  sunk  to  the  depth  of  100  feet.  A  drift  about  70  feet,  run- 
ning in  a  westerly  direction,  (the  dip  of  the  vein  being  almost  45°  to  the  west,  pitch- 
iuginto  the  hill,)  cuts  the  vein  at  about  40  feet,  and  thence  runs  35  feet  through  the 
lode  toward  the  west  wall.  The  rock  contains  from  5  lo  30  per  cent,  of  copper,  which 
gives  it  a  green  color.  The  copper  schist  lies  east  of  tie  gneiss,  in  which  free  gold  is 
found.  Tais  mine  has  good  clay  walU,  and  is,  doubtless,  a  true  fissure-vein.  Assays 
of  ore  from  this  mine  have  reached  into  the  bun  Irons.  It  is  incorporated,  and  is 
divided  iuto  30,000  shares.    Tho  extent  of  this  claim  is  1,500  feet  aloug  the  lode." 

THE  WESTERN  SUMMIT. 

This  term  has  been  given  to  tho  range  bordering  Lake  Tahoe  on  the  west.  The 
portions  of  it  explored  in  1876  lie  between  Pyramid  Peak  and  the  town  of  Truckee, 
a  distance  of  about  35  miles.  The  range  rises  abruptly  from  the  level  of  the  lake  to 
a  comparatively  narrow  serrated  ridge-line,  and  passes  gradually  into  a  series  of  broad 
plateau-like  foot-hills,  which  extend  westward  to  the  Sacramento  Valley. 

The  Western  Summit  is  composed  of  several  ridges  running  parallel  or  nearly  paral- 
lel to  each  other.  Beginning  at  the  southern  end,  there  is  the  Pyramid  Peak  Range  on 
the  extreme  west;  then  come  two  minor  irregular  ridges  between  it  and  the  Tallac  Range. 
The  latter  is  of  a  very  picturesque  outline.  The  canons  of  the  Western  Summit  are 
winding  and  greatly  diversified.  This  range  is  not  densely  wooded,  except  aloug  the 
foot  of  the  slopes,  and  the  peaks  are  rocky  and  barren.  Quaking-aspens  grow  on  the 
eastern  tlope  and  in  Blackwood  and  Truckee  Cations.  There  is  scarcely  any  vegeta- 
tion in  the  upper  parts  of  the  range.  Some  of  the  peaks  are  remarkable  f»>r  the  great 
variety  of  lichens  growing  on  their  rocky  summits.  Black,  yellow,  gray,  brown,  and 
red  lichens  are  found  on  Twin  Peaks.  White  thorn  and  manzanita  bush  abound  on  the 
easterly  side  of  the  Western  Summit,  and  a  few  ferns  are  scattered  hither  and  thither. 
The  principal  trees  are  pine,  spruce,  and  fir.  In  the  southern  part  pines  attain  the 
height  of  150  feet.  The  trunks  of  these  trees  are  oftentimes  covered  with  bright-green 
moss  for  a  distance  of  30  feet  from  the  ground.  There  is  but  little  arable  laud  in  this 
range ;  Squaw  Valley,  Blackwood  Canon,  and  Tahoe  City  being  the  only  places  where 
it  may  be  found  to  any  extent.  There  are  numerous  lakes  ou  the  Western  Summit ; 
the  most  important  of  which  are  Falleu  Leaf,  Cascade,  and  Echo  Lakes.  The  one  first 
named  is  situated  in  the  western  side  of  Lake  Valley,  about  H  miles  from  Lake  Taho*», 
which  is  1VB  feet  lower.  Fallen  Leaf  Lake  is  about  1  mile  wide  and  3}  miles  long.  The 
temperature  of  the  water  was  54°  F.  iu  O  jtober.  On  the  northeast  shore  of  this  lake  are 
found  pebbles  of  a  great  variety  of  rock,  such  as  slate,  basalt,  granite,  diorite,  &c,  all 
of  which  have  been  brought  from  the  lofty  Western  Summit.  Cascade  Lak*  is  about 
1£  miles  from  Lake  Tahoe,  and  lies  directly  in  front  of  Tallac  Peak ;  but,  unlike  Fallen 
Leaf  Lake,  its  discharge-creek  has  considerable  fall,  and  the  surface  of  Cascade  Lake 
is  350  feet  above  Tahoe.    A  lumber-road  leads  from  the  former  to  the  latter. 

Echo  Lake  lies  between  two  rocky  ridges  on  top  of  the  Western  Summit,  about  I 
mile  from  the  Placerville  road.  It  is  about  1£  miles  long  and  oue  fourth  mile  broad. 
The  southern  bank  of  the  lake  is  lined  with  conifers  and  a  few  alder  bushes.  Else- 
where the  shores  are  very  barren  and  rocky.  Beside  these  just-described  lakes  there 
are  at  least  twenty  others  of  minor  importance  throughout  the  Western  Summit. 
These  mountain  lakelets  usually  lie  in  cup-shaped  depressions  in  the  granite. 

The  principal  streams  in  the  Western  Summit  are  tbe  south  fork  of  the  American 
River  and  the  Truckee  River.  The  former  rises  near  the  "  Devil's  Basin/'  flows  south, 
then  southwest,  and  empties  into  the  Sacramento  River.  The  latter  rises  at  the  head 
of  Lake  Valley,  flows  uorthward  through  Lake  Tahoe,  j  ust  as  the  Rhone  flows  through 
the  Lake  of  Geneva,  then  turus  westward,  and  finally,  after  running  northerly  for 
several  miles,  takes  a  northeastern  direotion  and  empties  iuto  Pyramid  Lake. 

Most  of  the  brooks  in  this  range  rise  on  the  ridge-line,  flow  eastward,  and  empty  iato 
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Luke  Tahoe,  tbe  wore  prominent  of  which  are  Blackwood  and  McKinney's  Creeks.  The 
water  of  all  these  streams  is  cold  and  clear. 

There  are  two  passes  in  the  Western  Summit  that  are  traversable#with  vehicles: 
'the  Placervi lie  stage-road,  called  the  "  grade,"  on  the  eastern  slope,  several  miles  sooth 
of  Mount  Tallac,  which  was  constructed  iu  1860,  soon  after  the  discovery  of  the  Corn- 
stock  Lode ;  the  other  pass  that  is  traversed  by  a  wagon-road  is  the  cafion  of  the 
Truckee  River,  from  tbe  town  of  the  same  name  to  Tahoe  City.  The  road  runs  along 
the  south  side  of  the  river  for  7  miles  from  Truckee,  when  it  crosses  tbe  stream  and 
continues  on  the  northern  shore  to  tbe  lake.  A  wagon-road  traverses  a  spur  of  the 
Western  Summit  on  the  north  side  of  Lake  Tahoe,  from  Warm  Springs  to  Truckee.  A 
road  runs  up  to  the  bead  of  Blackwood  Cafion,  which  might  be  continued  across  the 
range.  A  wagon  route  follows  the  lake  shore  from  Warm  Springs  to  Tahoe  Ciry,  and 
thence  to  McKinney's.  There  are  no  irrigating  ditches  in  this  range.  The  topography 
of  the  western  shore  of  Lake  Tahoe  may  be  aptly  described  in  the  following  manner: 
The  southwestern  shore  of  the  lake  presents  bold  and  rocky  headlands.  Emerald  Bay 
is  an  indentation  of  the  coa>t,  extending  2^  miles  inward.  The  opening  of  the  bay  is 
about  half  a  mile  broad.  Going  northward,  the  shore  is  tolerably  regular,  but  rises 
abruptly  from  the  level  of  the  lake.  At  Rubicon  Point  a  steep  rocky  promontory  juts 
into  the  lake.  From  this  place  to  Taboe  City  there  is  very  little  rock  in  situ,  the  shore 
being  a  comparatively  level  strip  of  alluvium,  with  a  sandy  beach,  and  bordered  with 
a  very  thick  growth  of  roanzanita  as  far  as  Sugar  Pine  Point.  The  coast-line  runs 
north,  without,  any  marked  features  until  Meigs's  Bay  is  reached.  This  is  a  picturesque 
bight,  about  half  a  mile  in  breadth,  which  is  bounded  on  the  north  by  Sugar  Pine 
Point.  This  tongue  of  land  is  the  longest  in  Lake  Tahoe,  and  covers  at  least  3  miles 
iu  width,  including  its  sinuosities.  On  the  northern  side  of  this  point  the  shore-line 
trends  nearly  due  west  for  a  mile,  and  then  northward  again,  without  appreciable 
curves,  to  Tahoe  City,  forming*  the  bjoad  Upson's  Bay.  At  this  locality  the  land  bears 
northeast  to  Observatory  Point,  a  V-shaped  capo  jutting  far  out  into  the  lake.  The 
coast-line  theu  runs  northerly  and  curves  gradually  until  it  has  an  eastward  beariug, 
forming  the  semi-circular  Cornelian  Bay.  The  northern  shore  of  tbe  lake  tends  gently 
to  the  southeast  until  the  western  boundary  of  Todman's  Bay  is  reached,  thus  forming 
the  rocky  promontory  known  as  State-line  Point,  which  divides  California  from  Ne- 
vada. This  poiut  stretches  far  out  into  Lake  Tahoe,  and  diminishes  gradually  in  width 
till  the  apex  consists  simply  of  a  row  of  detached  masses  of  rock,  decreasing  iu  size 
nntil  the  water-level  is  reached. 

There  has  been  much  more  erosion  and  denudation  in  the  Western  than  in  the  East- 
ern Sunjn  it.  In  the  former  range  the  gorges  have  precipitous  walls.  The  slopes  of 
many  ridges  are  covered  with  debris.  , 

The  scenery  throughout  the  Western  Summit  is  exceedingly  picturesque.  The  variety 
in  the  landscape  seen  from  any  of  the  high  peaks  is  unique.  The  rugged  mountains 
azure  lakes,  and  winding  canons  present  a  scene  of  surpassing  grandeur.  There  is  a 
striking  contrast  between  the  eastern  and  western  slopes  of  this  range  iu  reference  to 
the  timber;  the  former  being  for  the  most  part  bare  aud  rocky,  while  the  latter  is 
densely  wooded. 

There  is  abundant  evidence  of  the  former  existence  of  glaciers  in  the  Western  Sum- 
mit. I  have  condensed  the  following  extract  from  Prof.  Joseph  Le  Conte's  paper  on 
•'  Ancient  Glaciers  of  the  Sierra,*"  as  he  has  studied  the  glacial  phenomena  thor- 
oughly : 

4<  Between  the  Eastern  and  Western  Summits  lies  a  trough  fifty  miles  long,  twenty 
miles  wide,  and  3,000  to  3,500  feet  deep.  This  trough  is  Lake  Valley.  It  was  formerly 
occupied  by  a  great  glacier  rising  near  Pyramid  Peak,  filling  Lake  Tahoe,  and  escaping 
northeast  toward  the  plains.  Some  of  the  ice  escaped  by  Truckee  Cafion,  for  I  have 
found  glacial  markings  on  the  rocks  in  this  canon.  During  glacial  times  the  trough 
of  Lake  Valley,  the  lower  half  of  which  is  now  filled  with  the  waters  of  Lake  Tahoe, 
was  a  great  mer  de  glace,  receiving  tributaries  from  all  directions  except  the  north. 
The  tracks  of  the  smaller  glaciers  are  more  easily  traced  than  those  of  the  principal 
one.  ^  Of  the  two  summits,  the  western  is  the  higher.  It  bears  the  most  snow  now, 
and  in  former  times  nave  origin  to  the  grandest  glaciers.  Again,  tbe  peaks  on  both 
these  summits  rise  higher  and  higher  as  we  go  toward  tbe  upper  or  southern  end  of 
tbe  lake.  Hence,  the  largest  glaciers  ran  into  the  lake  at  its  southwestern  side.  Be- 
tween this  point  and  Sugar  Pine  Point,  a  distance  of  about  nine  miles,  I  saw  the  path- 
ways of  five  or  six  glaciers.  North  of  Sugar  Pine  Point  there  are  also  several.  They 
are  all  marked  by  moraine  ridges  running  down  from  the  summits  and  projecting  as 
points  into  the  lake.  Inasmuch  as  the  highest  mountains  are  on  the  southwesterly  end 
of  the  lake,  the  greatest  glaciers  have  been  there  as  well  as  the  profoundest  glacial 
scnlpturiugs.  I  need  only  name  Monnt  Tallac,  Fallen  Leaf  Lake,  Cascade  Lake 
and  Emerald  Bay.  These  three  fine  little  lakes,  (for  Emerald  Bay  is  also  almost 
a  lake,)  nestled  closely  against  tbe  loftiest  peaks  on  the  western  summit,  are  all  per- 

*  Am.  Journal,  Ser.  Ill,  vol.  v,  p.  135 ;  Proo.  Cal.  Acad.  Sciences,  vol.  iv,  part  5,  p.  359. 
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feet  examples  of  glacial  lakes.  South  of  Lake  Tahoe  extends  Lake  Valley  for  fifteen 
miles  as  a  plain  gently  rising  southward.  Its  lower  end  is  but  a  few  feet  above  the 
lake-surface,  and  covered  with  glapial  drift  modified  by  water  and  diversified,  particn- 
larly  on  the  western  side,  by  debris  ridges,  the  moraines  of  glaciers  which  continue 
to  flow  into  the  valley  or  into  the  lake  long  after  the  main  glacier  had  dried  up. 

"Fallen  Leaf  Lake  glacier.— This  lake  is  bordered  on  either  side  by  an  admirably- 
marked  dtbris  ridge  (moraines)  300  feet  high,  4  miles  long,  and  \\  to  2  miles  apart. 
These  moraines  may  be  traced  back  to  the  termination  of  the  rocky  ridges  that  bound 
the  canon.  On  the  one  side  the  moraine  lies  wholly  on  the  plain,  on  the  other  side  its 
upper  part  lies  against  the  slope  of  Mount  Tallac.  Near  the  lower  end  of  the  lake  a  some- 
what obscure  branch  ridge  comes  off  from  each  main  ridge,  and,  curving  round,  they 
form  an  imperfect  terminal  moraine,  through  which  the  outlet  of  the  lake  breaks  its 
way.  On  ascending  the  canon,  the  glaciation  is  very  conspicuous,  aud  becomes  more 
and  more  beautiful  at  every  step.  From  Soda  Springs  upward  it  is  the  most  splendid 
I  have  ever  seen.  In  some  places  the  whole  rocky  bottom  of  the  cafion  is  smooth,  pol- 
ished, and  gently  undulating,  like  the  surface  of  a  glassy  but  billowy  sea.  The  glaci- 
ation is  distinct  also  up  the  sides  of  the  cafion  1,000  feet  above  its  floor.  There  can  be 
no  doubt,  therefore,  that  a  glacier  once  came  down  this  can  on,  rilling  it  1,000  feet, 
scooped  out  Fallen  Leaf  Lake  just  where  it  struck  the  plain,  aud  changed  its  angle 
of  slope,  aud  pushed  its  snout  4  miles  ont  on  tbe  level  plain  nearly  to  the  present 
shores  of  Lake  Tahoe,  dropping  its  debris  on  either  side,  and  thus  forming  a  bed  for 
itself.  In  its  subsequent  retreat  it  seems  to  have  rested  its  snout  some  time  at  the  lower 
end  of  Fallen  Leaf  Lake,  and  accumulated  there  an  imperfect  terminal  moraine. 

li  Cascade  Lake  glacier. — On  either  side  of  the  creek,  running  out  of  this  lake  from 
the  very  border  of  Lake  Tahoe,  runs  a  moraine  ridge  up  to  the  lake,  and  thence  along 
each  side  of  it  up  to  the  rocky  points,  which  terminate  the  trne  mouutain  cation  above 
the  head  of  Cascade  Lake.  I  have  never  anywhere  seen  more  perfectly-defined 
moraines.  I  climbed  over  the  larger  western  moraine  and  fonnd  that  it  is  partly 
merged  into  the  eastern  moraine  of  Emerald  Bay,  to  form  a  medial  at  least  300  feet 
high  and  of  great  breadth.  From  the  surface  of  the  little  lake,  the  curving  branches 
of  the  main  moraine,  meeting  below  the  lake  to  form  a  terminal  moraine,  are  very  dis- 
tinct. At  the  head  of  the  lake  there  is  a  perpendicular  cliff,  over  which  the  head  of 
the  river  precipitates  itself,  forming  a  very  pretty  cascade  of  100  feet  or  more. 
On  ascending  the  cafion  above  the  head  of  the  lake  for  several  miles  I  found  every- 
where above  the  lip  of  the  precipice,  over  the  whole  floor  of  the  cafion,  and  np 
the  sides  1,000  feet  or  more,  the  most  perfect  glaciation.  There  cannot  be,  therefore, 
the  slightest  doubt  that  this  is  also  the  pathway  of  a  glacier  which  onoe  ran  into  Lake 
Tahoe.  After  coming  down  its  steep,  rocky  bed  it  precipitated  itself  over  the  cliff, 
scooped  ont  the  lake  at  its  foot,  and  ran  on  till  it  bathed  its  snout  in  the  waters  of 
Lake  Tahoe,  and  probably  formed  icebergs  there.  In  its  subsequent  retreat  it  seems  to 
have  dropped  more  debris  in  its  path,  aud  formed  a  more  perfect  terminal  moraine 
than  did  Fallen  Leaf  Lake  glacier. 

"Emerald  Bag  glacitr. — All  that  I  have  sa:d  of  Fallen  Leaf  Lake  and  Cascade  Lake 
applies  almost  word  for  word  to  Emerald  Bay.  Tbis  beautiful  bay,  almost  a  lake,  has 
been  formed  by  a  glacier.  It  is  also  bounded  on  either  side  by  moraines,  which  ruu  down 
to  and  even  project  into  Lake  Tahoe,  and  m%y  be  traced  np  to  the  rocky  points  that 
form  the  mouth  of  the  canon  at  the  bead  of  the  bay.  Its  eastern  moraiue,  as  already 
stated,  is  partly  merged  into  tbe  western  moraine  of  Cascade  Lake  to  form  a  huge 
inedia]  moraine.  Its  western  moraine  lies  partly  against  a  rocky  ridge  running  down 
to  Lake  Tahoe  to  form  Rubicon  Point.  At  the  head  of  the  bay,  as  at  the  head  of  Cas- 
cade Lake,  there  is  a  cliff  about  100  feet  high,  over  which  the  river  precipitates  itself 
and  forms  a  flue  cascade.  Over  the  lip  of  this  cliff  and  iu  the  bed  of  the  cafion  above, 
and  up  the  sides  of  the  cliff-like  walls,  1,000  feet  or  more,  the  most  perfect  glaciation 
is  found.  The  only  difference  between  this  glacier  and  the  two  preceding  is  that  it 
ran  more  deeply  into  the  main  lake,  and  the  deposits  dropped  in  its  retreat  did  not 
rise  high  enough  to  cut  off  its  little  rock  basin  from  that  lake,  but  exists  now  only  as 
a  shallow  bar  at  the  mouth  of  the  bay.  This  bar  consists  of  true  moraine  matter,  i.  «., 
intermingled  bowlders  and  sand,  which  may  be  examined  through  the  exquisitely  trans' 
parent  water  almost  as  perfectly  as  if  no  water  were  present.  Some  of  the  bowlders 
are  of  large  size.  One  sees  from  the  top  of  Tallac  Peak  the  whole  course  of  these  three 
glaciers,  their  fountain  amphitheaters,  their  cafion  beds,  and  their  lakes  Inclosed 
between  their  moraine  arms." 

Professor  Le  Conte  has  found  abundant  evidence  of  the  former  existence  of  a  great 
glacier  in  Lake  Valley.  Bowlders  aud  pebbles  of  slate  on  the  north  shore  of  Fallen 
Leaf  Lake  cau  easily  be  traced  to  their  parent  rock  in  the  cafion  above  the  lake.  These 
pebbles  have  also  been  traced  along  the  western  shores  of  the  great  lake  beyond  S«igar 
Pine  Point  to  the  extreme  northwestern  shore,  nearly  thirty  miles  from  their  source. 
The  Fallen  Leaf  Lake  glacier  was  once  a  tributary  to  a  much  greater  glacier  that  filled 
Lake  Tahoe.  Again,  Le  Conte  finds  additional  evidence  of  a  Lake  Tahoe  mer  de  glace 
in  the  contrasted  character  of  the  northern  and  southern  shores  of  the  lake.    Tbe  same 
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observer  states  that  all  the  other  sierra  lakes  he  has  seen  certainly  owe  their  origin  to 
glacial  agency.  Lake  Taboo  has  been  partly  shaped  by  the  same  operation,  and  traces 
of  glacial  deltas  are  found  along  the  western  shore. 

Le  Coute  thinks  careful  examination  would  discover  the  pathways  of  glaciers  run- 
ning into  the  lake  from  the  eastern  summit,  but  he  failed  to  detect  any  evidences  of 
them.  Iu  iny  own  examination  of  this  range  I  found  no  traces  of  glaciers,  particularly 
i»o  glacial  scratches.  There  are  some  bowlders  scattered  over  the  eastern  side  of  the 
range  that  may  have  been  transported  by  glaciers. 

The  predominating  rock  in  the  western  summit  is  granite.  But  igneous  rocks  such 
ns  basalt,  diorite,  and  pbonolite  have  broken  through  the  granite  in  several  places. 
This  range  may  be  fitly  divided  into  the  Pyramid  Peak  ridge,  the  Tallac  Peak  ridge, 
the  Twiu  Peak  ridge,  and  the  ridge  north  of  Truckee  Cafion. 

Beginning  on  the  south,  the  Pyramid  Peak  ridge  consists  chiefly  of  granite.  This  is 
the  westernmost  ridge  of  tbe  western  summit,  and  its  southern  boundary  is  the  Amer- 
ican Fork  Cafion,  a  narrow,  windy  valley  with  precipitous  sides  composed  of  gray 
granite.  Tbe  peak  itself  is  a  mass  of  coarse-grained,  yellowish  granite,  in  the  form  of 
a.  pyramid,  rising  about  300  feet  above  tbe  ridge-line.  Tbe  altitude  of  Pyramid  Peak 
is  10  003  feet.  The  nortlrside  of  this  peak  is  much  steeper  than  the  other  sides.  Angu- 
lar fragments  of  granite  cover  the  slopes  of  Pyramid  Peak  for  a  distance  of  a  quarter  to 
u  half  mile  from  the  top.  There  is  a  small  grass  patch  on  the  northeast  side  of  the 
mountain.  The  eastern  declivity  of  Pyramid  Peak  passes  gradually  iuto  the  **  Devil's 
Basin,"  a  vast  amphitheater  of  granite,  probably  formed  by  glacial  agency,  and  con- 
taining a  series  of  lakel  ts.  A  serrated  ridge  forms  the  eastern  boundary  of  this  basiu.  • 
Tbe  rock  is  grayish  granite,  with  large,  dark  specks  of  the  same  rock  disseminated 
through  it  at  tbe  point  where  the  Placerville  road  crosses  the  western  summit.  At  first 
bight  these  spots  presented  the  appearance  of  hornblende,  but  on  close  examination  it 
was  found  that  they  were  only  a  darker  variety  of  the  granite,  although  the  forms 
were  six-sided.  This  peculiarity  of  structure  was  observed  frequently  in  the  southern 
portion  of  tbe  western  6iimmit.  About  a  mile  north  of  the  Placerville  road  is  Echo 
Lake,  (7,478  feet  high,)  which  forms  the  outlet  of  a  lake-basin  extending  several  miles 
to  the  westward.  Numerous  islands  occur  in  tbe  lakes  of  this  basin,  and  son  e  of  l hem 
have  a  little  soil  and  a  few  trees.  The  rock  bordering  Echo  Lake  in  g  ay  syenitic  gran- 
ite, which  is  much  t  aversed  by  joints.  On  tbe  northeast  side  of  this  lake  a  wall  of 
granite  rises  abruptly,  to  a  be'gbt  of  several  hundred  feet,  and  forms  the  southern  end 
of  a  mass  of  the  same  rock  extending  north  to  Gilm  ore's  Cafion. 

Although  not  strictly  belonging  to  the  western  summit,  a  brief  description  of  Lake 
Valley  may  be  given  here.  The  greater  part  of  this  valley  is  Quaternary.  There  is  no 
rock  tn  situ  for  4  or  5  miles  from  Lake  Taboe.  A  morass  covered  with  coniferous  trees 
extends  back  from  the  l»ke  about  half  a  mile,  and  east  and  west  for  a  mile  and  a  half. 
Lake-weed  and  eel  grass  abound  in  this  mai>h,  where  tbe  water  vaties  from  6  inches  to 
3  feet  in  depth.  Mallard  ducks  and  grebes  are  common.  Tbe  sandy  beach  on  the 
northern  aide  of  Lake  Valley  is  lined  with  alder  bushes.  Abdut  five  miles  from  Row- 
land's, near  Barton's  ranch,  two  buttes  of  gray  granite  occur.  Black  mic:i,  limpid 
quartz,  and  grayish-whit*  feldspar  are  the  constituents  of  the  rock.  Th*  buttes  are 
several  hundred  feet  in  height,  and  may  be  considered  as  outliers  of  either  the  western 
or  eastern  summits.  The  country  between  these  bnttes  is  strewed  with  large  granitic 
bowlders.  At  the  head  of  Lake  Valley,  near  Hawley's  ranch,  dark  grayish  graphite 
occurs  with  quartz.  A  wagon-road  runs  from  Rowland's  along  tbe  eastern  side  of 
Fallen  Leaf  Lake  to  Soda  Springs,  two  miles  f.om  Gil  mo  re's  ranch,  on  the  lake.  Ac- 
cording to  the  aneroid,  the  springs  are  325  feet  above  it.  Tbe  temperature  of  the  water 
is  46JC  F.  The  spring-water  contains  carbonic  acid,  sesquioxide  of  iron,  and  snlpbur- 
eted  Dydrogen.    It  is  bottled  and  sold  an  Rowland's  and  other  hotels  on  Lake  Taboe. 

The  Tallac  Peak  ridge  runs  from  Gilm  ore's  Canon  to  Blackwood  Cafion.  Between  this 
ridge  and  that  of  Pyramid  Peak  are  two  minor  ridges  without  any  uame,  composed  of 
many  dome-shaped  pesksaod  rocky  tors  alternating  with  V-shaped  ravines.  A  vast  am- 
phitheater bounds  Tallac  Peak  on  the  south.  The  rock  is  gray  granite  as  far  as  the 
springs,  where  it  passes  iuto  basalt,  having  a  slaty  structure.  Tbe  creek  which  flows  into 
Fallen  Leaf  Lake  has  cut  a  small  channel  in  the  bottom  of  this  basin,  in  which  are  a  few 
cascades.  Tbere  are  several  lateral  canons  on  tbe  south  side  of  Gilmore's  Cafion,  which 
rise  in  rocky  terraces  one  behind  another.  The  western  and  southern  portions  of  Gil- 
more's  CHfion  a  fiord  fine  examples  of  Roches  Moutonnfas.  Tbe  rock  is  granite  on  these 
Hides  of  the  cafion  and  basalt  on  tbe  uorthern.  A  small  number  of  conifers  are  scattered 
over  the  cafion.  Mount  Tallac  is  a  mass  of  bluish  basalt  upheaved  through  granite.  The 
rock  shows  nearly  every  variety  of  structure  known  to  the  inenibeis  of  the  basaltic 
groups.  There  are  both  granular  and  compact  species.  Some  specimens  are  porphy- 
ritic  with  compact  matrix.  Incrustations  of  olivine  occur  in  places.  Nearly  all  the 
northeast  side  of  Tallac  Peak  is  composed  of  compact  basalt.  Tbe  wall  of  rock  form- 
ing this  side  rises  perpendicularly  700  feet  or  more  from  the  plateau  to  the  east  of  it. 
Three  detached  masses  of  rock  that  have  undergone  much  disintegration  project  from 
the  face  of  the  main  peak.   The  jointed  structure  of  the  basalt  has  been  favorable  to 
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denudation  on  account  of  the  many  fissures  in  which  the  water  and  melted  snow  freeze, 
thus  expanding  the  cracks  till  the  rock  splits  aud  falls.  The  difference  of  hardness  in 
the  basalt  is  well  shown  in  the  northeastern  side  of  Mount  Tallac.  Isolated  crags  aud 
pinnacles  stand  out  boldly  from  the  mountain,  while  the  rock  that  formerly  connected 
them  with  it  has  been  worn  away  by  the  influence  of  the  elements.  A  vase  amount  of 
talus  lies  at  the  foot  of  the  eastern  slope  of  Tallac.  Seeds  of  the  white- thorn  and  man- 
zanita  bush  have  been  scattered  over  this  debris  and  taken  root  in  the  rocky  soil,  thus 
forming  a  deuse  thicket  impassable  for  pack-animals.  The  southwestern  declivity  of  Tal- 
lac Peak  slauts  gradually  to  Lake  Gilmore,  and  is  covered  with  nutritious  grass,  to- 
gether with  occasional  clusters  of  trees  except  for  a  distance  of  about  300  feet  from  the 
summit.  Ledges  of  bine  basalt  outcrop  iu  maoy  localities  on  the  southern  and  western 
slopes.  The  height  of  Tallac  Peak  is  9,732  feet.  Lake  Gilmore  occupies  the  bottom  of  a 
basin  with  lofty  walls,  aud  is  1,333  feet  below  the  summit  of  Tallac  according  to  the  mer- 
curial barometer.  The  temperature  of  the  water  in  this  lake  is  50°  F.  The  eastern  slope 
of  Mount  Tallac  has  been  grooved  and  polished  by  glaciers.  I  found  fine  examples  of 
gla<  ial  scratches  about  half  a  mile  from  the  summit.  In  some  places  the  face  of  tbe 
cliff  is  as  smooth  as  if  cut  by  a  chisel.  The  southern  side  of  this  mountain  is  exceed- 
ingly steep,  and  nearly  all  of  it  is  covered  wit.h  rocky  dtfbris.  while  a  solitary  couifer- 
ous  tree  here  and  there  breaks  the  monotony  of  the  scene.  Granite  surrounds  Tallac 
Peak  on  all  sides  except  on  the  northeast,  where  Lake  Tahoe  forms  the  boundary- line. 
A  description  of  this  mountain  would  be  incomplete  without  a  brief  reference  to  the 
magnificent  view  seen  from  the  top.  The  view  is  as  varied  as  it  is  interesting.  On 
the  one  side  the  entire  range  of  the  western  summit  is  visible,  while  on  the  other 
there  is  the  broad  expanse  of  Taboo  with  the  eastern  summit  beyond.  Twenty  moun- 
tain-lakes are  in  sight.  Their  mirror-like  surfaces,  reflecting  the  blue  sky  form  a  pleas- 
ant contrast  with  the  somber  hues  of  the  densely  timbered  ridges.  The  prominent 
features  of  the  country  lying  in  front  of  Tallac  Peak,  as  fir  as  Emerald  Bay,  have  al- 
ready been  mentioned.  Near  the  head  of  this  bay  is  a  knob  of  granite  called  the  Em- 
erald Isle,  which  is  150  feet  high  and  300  feet  long,  and  has  the  shape  of  a  pear.  There  ii 
a  waterfall  about  50  feet  in  height,  a  quarter  of  a  mile  from  Mr.  Holladay's  house.  The 
caQon  in  which  the  inlet  of  Emerald  Bay  runs  is  very  picturesque.  It  is  narrow, 
windy,  and  the  walls  are  very  steep.  Climb'ug  up  the  canon  for  half  a  mile  from 
the  bay  I  could  catch  a  glimpse  through  the  clusters  of  trees  of  several  small  cascades. 
At  Emerald  Bay  and  from  this  point  northward  the  rock  is  gray  granite  to  Sugar  Pioo 
Point.  Near  Rubicon  Point  the  rock  contains  red  feldspar.  There  are  four  more  peaks 
belonging  to  the  Tallac  Peak  Ridge,  the  nortbermost  of  which  is  capped  by  a  sharp 
grauile  turret.  This  feature  of  peaks  culminating  iu  rocky  tors  occurs  elsewhere  in 
-the  western  summit.  The  ridge  becomes  very  narrow  at  the  head  of  the  creek 
emptying  into  Meigs's  Bay.  From  this  point  to  Blackwood  Cafioa  there  is  no  rosk  t* 
situ  within  from  a  half  to  one  mile  of  the  lake-shore.  The  mountain  behind  McKin- 
ney's  Station  is  basalt,  and  the  slopes  are  covered  with  a  dense  growth  of  white  thorn 
and  manzanita.  Some  mineral  indications  have  been  found  in  tbe  ridge  about  1} 
miles  from  McKinney's  and  1,000  feet  above  Lake  Tahoe  according  to  the  aneroid. 
The  ledge  was  discovered  in  July,  1876,  aud  work  was  begun  in  September.  It  is 
claimed  by  Messrs.  Niles,  Bellinger,  Sims,  and  Casey.  The  vein  runs  northwest  and 
southeast.  In  September,  1876,  two  men  were  working  at  an  opening  in  the  ledge  7 
feet  long  and  4  feet  wide.  No  analysis  has  yet  been  made  of  the  ore,  but  it  is  said  to 
contain  nickel.  On  the  northeast  side  of  this  raouutain  is  Quiil  Lake,  a  body  of  water 
having  an  area  of  about  an  acre,  and  400  feet  above  Lake  Tahoe.  Going  northward, 
the  rock  is  chiefly  basalt  as  far  as  Blackwood  Cafion.  Blue  basalt  occurs  at  the  head 
of  this  cafion. 

The  Twin  Peak  ridge  runs  from  this  poiut  north  to  Truokee  Cafion.  Twin  Peaks  are 
just  north  of  Blackwood  Gallon,  and  consist  of  basalt  and  diorite.  From  the  summit 
of  these  peaks  the  observer  beholds  many  V-shaped  canons  and  serrated  ridges.  Some 
of  tbe  mountains  have  the  dome  structure,  some  aie  sharp  like  a  knife-edge,  others  are 
conical,  or  pyramid-shaped  or  have  the  forms  of  a  mesa.  Scattered  among  these  pic- 
turesque ridges  of  granitic  and  basaltic  rocks  are  a  few  lonely  Alpine  lakes  in  cup-like 
basins.  Twin  Peaks  are  2,604  feet  above  Lake  Tahoe.  West  Twin  Peak  is  formed  of 
grayish  basalt.  The  greater  part  of  it  is  composed  of  myriads  of  horizontal  prisms 
averaging  about  9  inches  in  diameter,  which  decrease  in  size  as  the  base  is  approached. 
At  the  junction  of  the  East  and  West  Twin  Peaks  the  rock  is  dark- blue  porphyritic  ba- 
salt with  white  crystals  of  feldspar.  East  Twin  Peak  consists  of  gray  porous  diorite. 
The  whole  ridge  from  Blackwood  Cafion  to  Tahoe  City  is  basalt, 'of  gray  and  blue  colors. 
Very  little  granite  is  found  north  of  ibis  cafion,  but  south  of  it  as  far  as  Lake  Valley,  aud 
from  200  to  500  feet  from  the  lake-shore,  many  bowlders  of  this  rock  having  a  rounded 
form  occur.  The  cafion  of  the  Truckee  River  is  formed  of  basalt.  At  the  beginning 
of  the  cafion,  in  leaving  Lake  Tahoe,  the  basalt  is  porous  aud  slightly  porphyritic. 
There  is  de'bris  on  the  north  wall  of  the  cafion,  where  several  crags  of  basalt  outcrop. 
About  a  mile  from  Tahoe  City  the  Truckee  River  breaks  through  a  mass  of  pudding- 
stone  basalt,  that  is  slightly  ferruginous.   Many  conifers  and  some  quaking-aspeus  grow 
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in  the  Tnickee  Canon,  as  well  as  white  thorn  and  mnnzanita.  Six  miles  from  the  en- 
trance of  the  can  on,  Sqnaw  Valley  is  reached.  Squaw  Creek  flows  through  this  valley, 
^hich  has  a  broad  fertile  flood-plain.  At  the  bead  of  the  valley  there  is  a  steep  preci- 
pice with  ron tided  bases.  The  rock  is  porphyritic  diorite.  The  southern  side  of  Squaw 
Valley  is  steeper  than  the  northern.  A  little  farther  down  the  Truckee  Ca&on  is  Clara- 
ville,  the  ste  of  an  abandoned  mining  town.  Several  prospect-holes  are  seen  in  the 
north  wall  of  the  canon.  In  1863  a  population  of  500  people  gathered  at  this  point 
amid  great  excitement.  Soon  afterward  the  mines  gave  out,  and  it  is  difficult  now  to 
And  the  slightest  vestiges  of  a  former  settlement.  The  gold  occurred  in  placer-diggings. 
Beyond  Claraville  the  river  takes  a  northerly  course,  and  the  ease  side  of  the  canon  is 
blue  basalt  as  far  as  Truckee.  Tors  of  trachyte  30  feet  high  outcrop  along  the  western 
side.  Near  the  fish  ranch  there  is  a  very  irregularly  formed  butte  of  gray  basalt  hav- 
ing a  lamiuated  structure.  The  laminae  are  about  half  an  inch  thick.  The  rock  on 
both  sides  of  the  canon  has  undergone  much  disintegration.  At  the  town  of  Truckee 
coarse-grained  gray  granite  outcrops.  It  is  similar  to  the  lock  forxnii  g  the  greater 
part  of  the  western  summit. 

The  ridge  north  of  Truckee  Canon  is  the  northernmost  on  the  western  side  of  Lake 
Taboe.  The  ridge  extends  as  far  as  a  line  drawn  through  the  town  of  Trnckee  and 
Washoe  Peak.  It  consists  principally  of  basalt  ar  d  phonolite.  At  Tahoe  City  a  kind 
of  globuliferons  basalt  occurs  on  the  cliff  just  north  of  the  pest-office.  The  lower 
part  of  it  has  been  eroded  by  the  waves  ot  the  lake  like  a  headlaid  on  a  sea-coast 
The  rock  is  somewhat  ferruginous  and  much  decomposed.  It  crumbles  in  the  fingers. 
Near  Tahoe  City  porphyiitic  granite,  containing  numerous  crystals  of  white  feldspar, 
is  found.  Compact  bluish  granite  occurs  at  Observatory  Point,  which  is  a  spur  of  the 
ridge  projecting  far  into  the  lake.  Beyond  this  point  gray  phonolite  extends  along  the 
lake-shore  for  2  miles  or  more.  The  remainder  of  the  ridge  consists  of  bluish  basalt 
as  far  north  as  Boca,  and  stretching  back  from  the  lake  for  several  miles.  Various 
spurs  diverge  from  this  ridge.  The  crest  lines  are  often  dotted  with  turrets  of  basalt, 
and  a  vast  amount  of  debris  is  strewed  over  their  slopes.  Near  Wallace's  ranch,  5 
miles  sontheast  of  Truckee,  I  observed  basalt  similar  to  that  on  Lake  Tahoe.  A  fea- 
ture worth  mentioning  in  connection  with  the  geology  of  the  Western  summit  is  the 
absence  of  sedimentary  rocks.  No  fossils  are  found  by  which  one  can  determine  the 
position  of  these  archwan  and  igneous  rocks  in  the  geological  series. 

In  closing  a  report  on  the  geology  of  Lake  Tahoe  and  vicinity,  a  brief  reference 
may  be  made  to  the  lake  as  a  resort  for  tourists  and  pleasure-seekers.  Since  the  com- 
pletion of  the  Central  Pacific  and  Virginia  and  Truckee  Railroads,  Lake  Tahoe  has 
become  very  accessible.  A  small  steamer,  carrying  the  mail,  makes  a  daily  tour  of  the 
lake.  There  is  sufficient  hotel  accommodation  for  a  large  number  of  travelers.  HoteJs 
have  been  erected  at  the  following  points  on  the  lake:  Hot  Springs,  Glenbrook,  Kear- 
ney's, Rowland's,  Yanks,  McKinney's,  and  Tahoe  City.  The  finest  scenery  is  found  in 
the  southwestern  comer  of  Lake  Tahoe,  near  Tallac  Peak.  There  is  no  part  of  the 
Uuited  Stabs  that  surpasses  this  region  in  scenery.  lu  my  extensive  travels  on  the 
continent  of  Europe  I  have  seen  but  one  lake  moie  pictuiesque  than  Taltbe,  viz,  the 
lake  of  Luzerne,  in  Switzerland.  Grace  Greenwood,  writing  from  California,  says: 
•*  Tahoe  is  the  nio*t  beautiful  lake  I  have  ever  beheld.  #  *  *  I  think  Lake  Tahoe 
must  yet  become  a  great  pleasure  resort.  I  have  seen  no  more  charming  spot  in  all  my 
tours  tor  a  summer's  rest  and  rambling." 

Respectfully  submitted. 

Alfred  R.  Conk  lino. 

Lieut.  G.  M.  Wiirelbr, 

Corps  of  Engineers,  in  charge. 
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REPORT  ON   THE  L1THOLOGY  OF  PORTIONS  OF    SOUTHERN  COLORADO,  AND  NORTHERN 

NEW   MEXICO,   BY  A.  It.  CONKLINO. 

New  York  Citt,  May  10 ,  1677. 

Sir  :  I  have  tho  honor  to  submit  herewith  a  report  on  the  lithology  of  the  portions 
of  Southern  Colorado,  and  Northern  New  Mexico,  explored  by  me  in  the  field-season  of 
1875: 

The  majority  of  the  rocks  occurring  in  tbis  region  are  of  igneons  origin.  They  coyer 
large  areas  on  both  sides  of  the  Spanish  Range.  The  most  common  rocks  are  dolerite, 
basalt,  granite,  trachyte,  diorite,  granulite.  sandstone  and  limestone.  Dolerite  occurs 
more  frequently  than  any  other  species ;  vesicular  dolerite  covers  large  tracts  of  conn- 
try,  as  in  the  plateau  bounding  the  San  Luis  Valley  on  the  west.  Compact  bluish 
dolerite  is  found  in  the  bnttes  near  Costilla  post  office,  New  Mexico,  and  in  the  mesa 
northeast  of  Fort  Garland.  Olivine  is  fonnd  in  the  dolerite  at  several  localities.  The 
basalt  is  usually  of  a  blue  color,  aud  varies  in  texture  from  compact  to  scoriuceous. 
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In  Borne  places  this  rock  is  in  cm  8  ted  with  calotte  ;  and  in  the  amygdaloidal  varieties 
the  cavities  are  occasionally  filled  with  zeolites.  Near  the  head  of  Uraca  Creek,  New 
Mexico,  a  dark-brown  species  of  scoriaceous  basalt  occurs  having  the  cavities  elon- 
gated and  very  narrow.  A  gray  variety  of  this  rock  is  found  abundantly  near  Fort 
Union,  New  Mexico.  The  diorite  has  in  general  a  compact  texture,  but  considerable 
variety  of  color.  The  granite  presents  great  variety  in  both  color  and  texture.  Ttoe 
various  colors  of  this  rock  observed  are  gray,  red,  pink,  light  and  dark  shades  of  blue, 
and  white;  reddish  granite  is  the  most  common,  on  account  of  the  teldspar  of  the 
same  color  being  the  predominating  constituent.  The  varieties  in  texture  observed  are 
compact,  granular,  and  porphyri  ic,  and  the  latter  being  the  most  frequent.  The 
granite  is  generally  poor  in  mica,  although  a  micaceous  variety  of  this  rock  occurs 
just  west  of  the  Moreno  Valley,  New  Mexico.  The  feldspar  porphyry  usually  presents 
great  irregularity  in  the  size  of  the  crystals  imbedded  in  the  compact  matrix.  The 
color  of  this  rock  is  commonly  gray,  occasionally  inclining  to  white.  The  granule;  is 
in  general  of  a  reddish  color,  and  granular  in  texture.  Grauulite  and  granite  consti- 
tute the  predominating  rocks,  in  the  several  mountain  ranges  from  L<i  Veta  Pass  to 
8anta  Fe\  The  trachyte  presents  a  compact  texture  as  a  rule,  and  a  color  varying 
from  light  gray  to  piuk.  The  sandstoue  is  generally  of  a  yellowish  color,  and  has  a 
fine-grained  structure.  In  several  localities  the  rock  is  ferruginous  when  the  color 
becomes  bright  red.  Near  Costilla  peak  the  sandstone  passes  into  a  conglomerate. 
The  fossiliferous  sandstoues  have  been  described  in  the  geological  report.  The  lime- 
stone is  usually  light  blue  in  color,  and  of  a  compact  texture.  TbU  rock  covers  a  large 
tract  of  country  in  the  eastern  portion  of  the  area  explored  in  1875.  Besides  these 
rocks  may  be  mentioned  clay-slate,  and  hornblende  porphyry,  both  of  which  occur  in 
several  localities. 

The  paucity  of  crystalline  schists  is  remarkable,  the  only  localities  beiug  near  Uraca 
Mountain,  "n  Elizabeth  Baldy,  and  on  the  eastern  side  of  Antelope  Creek,  iu  the  WVt 
Mountain  Valley.  A  hard  siliceous  variety  of  conglomerate  occurs  near  the  top  of  the 
sandstone  mesa  bounding  the  Vermejo  Valley  on  the  west.  The  matrix  of  this  rock 
is  dark  brown,  and  contains  black  and  white  fragments  of  quartz. 

Iu  order  to  determine  with  accuracy  those  rocks  having  a  texture  so  compact  that 
the  constituent  minerals  could  not  be  recognized  with  the  naked  eye,  I  b*ve  made 
sections  of  such  rocks  that  were  deemed  desirable  to  prepare  for  microscopic  examina- 
tion. On  account  of  the  heterogeneous  texture  and  opacity  of  some  of  the  specimens 
of  rock,  much  time  aud  labor  have  been  expended  in  preparing  theui.  In  some  cases 
the  biittleness  of  the  rock  reudered  it  impossible  to  make  a  section  sufficiently  bin 
for  microscopic  analysis.  Such  was  the  case  with  some  specimens  of  trachyte  that 
were  interrupted  by  tissnres.  The  rock  could  be  ground  on  the  wheel  to  a  certain  de- 
gree of  thinness,  after  which  it  invariably  crumbled,  thus  destroying  the  section. 
Fifty  sections  of  rock  have  been  prepared  by  me,  and  mounted  ou  glass  with  Canada 
balsam.  The  results  of  my  microscopical  investigations  may  be  condensed  iu  the  fol- 
lowing description : 

No.  139.  Diorite,  from  Rio  Hondo,  N.  Mex.,  consisting  of  white  plagioclase,  and  a  few 
crystals  of  hornblende.     Much  olivine,  and  specks  of  maguetite  occur  as  accessories. 

No.  144.  Basalt,  from  Rio  Colorado,  N.  Mex.,  containing  much  disseminated  greenish 
nepheline,  pyroxene,  and  specks  of  magnetite.    The  rock  is  slightly  amygdaloid*). 

No.  171.  Dolerite  from  Huerfano  Butte,  Colo.,  consisting  of  plagiocUse,  augite,  and 
mnch  olivine. 

No.  173.  Nepheline-dolerite  from  west  side  of  Huerfano  Butte,  Colo.,  containing  augite, 
nepheline,  and  particles  of  magnetite.    The  texture  of  the  rock  is  very  compact. 

No.  174.  Diorite  from  Cucbaras  River,  Colorado,  composed  of  hornblende  aud  pla- 
gioclase.   Olivine  and  magnetite  occur  as  accessories. 

No.  190.  Syenitic  granite  from  Ute  Creek,  New  Mexico,  containing  quartz,  triclinio 
feldspar,  and  a  few  crystals  of  mica;  black  hornblende  is  abundantly  disseminated. 

No.  205.  Basalt,  from  near  Laughliu's  Peak,  N.  Mex.,  consisting  of  nepheline,  augite, 
and  some  olivine. 

No.  206.  Dolerite  from  East  Spanish  Peak,  Colo.,  made  up  of  plagioclase  and  py- 
roxene. 

No.  207.  Granite  from  head  of  Cimarron  Creek,  New  Mexico,  composed  of  reddish 
orthoclase,  grains  of  quartz,  muscovite,  and  specks  of  magnetite.  A  few  crystals  of  a 
black  mineral  occur  *hich  may  be  melanite. 

No.  208.  Syenite,  from  Cieuegnilla  Valley,  N.  Mex.,  containing  plagioclase,  horn- 
blende and  many  grains  of  quartz. 

No.  210.  Dolerite,  from  Rider's  Canon,  Colo.,  composed  of  plagioclase,  many  crystals 
of  augite,  aud  specks  of  magnetite. 

No.  211.  Diorite,  from  near  Taos  Peak,  N.  Mex.,  consisting  of  hornblende,  plagioclase, 
and  a  few  grains  of  quartz. 

No.  216.  Dolerite,  from  San  Luis  Valley,  Cal.,  containing  plagioclase,  brownish  pyrox- 
ene, and  a  few  particles  of  mica. 

No.  217.  Dolerite,  from  Colorado  Caftan,  N.  Mex.,  consisting  of  crystals  of  augite, 
plagioclase,  and  specks  of  magnetite.    The  rock  has  a  porphyrttic  structure. 
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No.  225.  Trachyte,  from  Rosita,  Colo.,  composed  chiefly  of  plagioclase  and  a  little 
sanidiue.    A  few  grains  of  qugite  aud  magnetite  also  occur. 

No.  227.  Trachyte,  from  Taos  Range,  N.  Mex.,  consisting  of  sanidine  and  plagioclase, 
with  streak*  of  angite  and  a  few  specks  of  magnetite. 

No.  2*29.  Tracby  dolerite,  from  head  of  Moreno  Valley,  N.  Mex.,  including  crystals  of 
angite,  plagioclase,  and  irregularly-deft ued  crystals  of  mica,  as  well  as  black  specks  of 
magnetite. 

No.  233.  Dolerite,  from  San  Luis  Valley,  Colo.,  containing  augite  and  many  crystals 
of  plagioclase. 

No.  237.  Dolerite,  from  near  Gardner,  Colo.,  consisting  of  large  crystals  of  augite, 
plagioclase,  and  specks  of  magnetite. 

No.  239.  Dolerite,  from  Cerro  Blanco,  Colo.,  containing  plagioclase  and  augite. 

No.  242.  Domite,  from  Laugbliu's  Peak,  N.  Mex.,  contesting  chiefly  of  plagioclase 
and  a  few  crystals  of  angite. 

No.  251.  Andesite,  from  East  Spanish  Peak,  Colo.,  containing  plagioclase,  a  few 
crystals  of  pyroxene,  specks  of  magnetite,  aud  dark  colored  mica. 

No.  255.  Dolerite,  from  Comanche  Creek,  New  Mexico,  composed  of  plagioclase,  augite, 
and  a  few  particles  of  olivine. 

No.  256.  Dolerite,  from  Costilla  Peak,  N.  Mex.,  containing  crystals  of  augite,  plagio- 
clase, and  specks  of  magnetite. 

No.  259.  Dolerite,  from  East  Spanish  Peak,  N.  Mex.,  consisting  of  augite  and  plagio- 
clase. 

No.  260.  Dolerite,  from  head  of  Indian  Creek,  Colorado,  composed  of  grains  and  crys- 
tals of  plagioclase  and  augite. 

No.  261.  Dolerite,  from  South  Fork  of  Cucharas  River,  Colorado,  containing  augite, 
plagioclase,  and  a  green  mineral,  which  is  probably  olivine. 

No.  264.  Syeuite,  from  Taos  Range,  N.  Mex.,  consisting  of  quartz,  crystals  of  horn- 
blende,*plagioclaset  and  opaque  particles  that  are  probably  magnetite. 

No.  267.  Dolerite,  from  Moreno  Valley,  N.  Mex.,  containing  augite,  plagioclase,  and 
specks  of  magnetite.    Pyrite  occurs  abundantly  as  an  accessory. 

No.  268.  Quartz,  porphyry  from  ridge  of  Golconda  miue,  N.  Mex.,  consisting  of  plagio- 
clase and  quartz. 

No.  269.  Dolerite,  from  San  Antonio  Canon.  N.  Mex.,  containing  mauy  microliths  of 
plagioclase,  grains  of  augite,  and  specks  of  magnetite. 

No.  271.  Granite  from  head  of  Purgatoire  River,  Colorado,  composed  of  quartz,  oligo- 
clase,  and  a  few  crystals  of  mica,  and  small  particles  of  an  opaque  mineral  that  is 
probably  magnetite. 

No.  275.  Granite,  from  Taos  Range,  N.  Mex.,  containing  quartz,  orthoclase,  mica,  and 
a  few  grains  of  hornbleude. 

No.  288.  Rhyolite,  from  ridge  east  of  Costilla  Peak,  N.  Mex.,  consisting  of  plagioclase, 
some  quartz,  and  crystals  of  magnetite. 

No.  291.  Andesite,  from  Cerro  Blanco,  Colo.,  composed  chiefly  of  plagioclase,  a  few 
crystals  of  angite,  and  many  particles  of  maguetite. 

No.  292.  Andesite,  from  Taos  Raoge,  N.  Mex.,  containing  a  few  crystals  of  augite, 
plagioclase,  specks  of  magnetite,  and  a  little  mica. 

No.  293.  Dolerite,  from  Colorado  Cafion,  N.  Mex.,  consisting  of  plagioclase,  many  crys- 
tals of  augite,  and  some  olivine. 

No.  294.  Dolerite,  from  Elizabeth  Baldy,  N.  Mex.,  containing  grains  of  augite,  plagi- 
oclase, and  magnetite. 

No.  295.  Dolerite,  from  top  of  Costilla  Peak,  N.  Mex.,  composed  of  plagioclase,  augite, 
olivine,  and  crystals  of  magnetite. 

No.  298.  Diorite,  from  Costilla  Peak,  N.  Mex.,  consisting  of  crystals  of  hornblende 
plagioclase,  much  olivine,  and  specks  of  maguetite. 

No.  299.  Diorite,  from  Walsenburg,  Colo.,  containing  plagioclase,  hornblende,  and 
some  disseminated  mica. 

No.  301.  Andesite,  from  Uraca  Creek,  New  Mexico,  composed  of  plagioclase,  crystals  of 
augite,  and  specks  of  magnetite. 

No.  302.  Basalt,  from  tower  near  head  of  Cucharas  River,  Colorado,  consisting  of 
nepheline,  crystals  of  angite,  and  particles  of  magnetite. 

No.  345.  Diorite,  from  a  point  just  west  of  Laughlin's  Peak,  N.  Mex.,  containing  plagi- 
oclase, hornblende,  some  olivine,  and  magnetite. 

No.  384.  Dolerite,  from  Uraca  Creek,  New  Mexico,  comprising  augite,  plagioclase,  and 
many  specks  of  magnetite. 

No.  3tt5.  Dolerite,  from  Rio  Grande,  New  Mexico,  containing  angite  and  crystals  of 
plagioclase. 

No.  386.  Dolerite,  from  head  of  Cucharas  River,  Colorado,  made  up  of  crystals  of  plagi- 
oclase, angite,  and  specks  of  maguetite. 

No.  388.  Dolerite,  from  mesa  northeast  of  Fort  Garland,  Colo.,  composed  of  many  fine 
crystals  of  plagioclase,  and  well-defined  crystals  of  augite.  This  rock  resembles  closely 
No.  233.    They  are  not  more  than  10  miles  apart. 

82  e 
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No.  394.  Dolorite,  from  Costilla  C  a  ft  on,  N.  Mex.,  consisting  of  pyroxene  and  plagio" 
clase. 

I  have  the  honor  to  be,  very  respectfully,  yonr  obedient  servant, 

Alfred  R.  Conkling. 
Lieut.  George  M.  Wheeler, 

Corps  of  Engineers,  in  charge. 


Washington,  D.  C,  June  30,  1877. 
The  following  manuscript,   prepared  by  Mr.   A.   E.  Conkling,  and 
received  too  late  to  be  forwarded  with  the  auuual  report  of  1876,  is 
herewith  submitted. 

Geo.  M.  Wheeler, 
Lieutenant  of  Engineers, 


Appendix  H2. 

report  on  the  foot-hills  facing  the  plains  from  latitude  35°  30'  to  38° 

approximately,  by  mr.  a.  r.  conkling. 

Beginning  at  Las  Vegas,  New  Mexico,  which  is  just  east  of  the  foot  hills,  we  have 
the  rolling  prairie  extending  as  far  as  Fort  Union,  28  miles  northeast,  without  any 
marked  elevation.  The  foot-hills  on  the  eastern  side  of  the  Las  Vegas  range  consist  of 
grayish  sandstone,  horizontally  stratified.  Upon. approaching  Fort  Union  broad  mesas 
of  moderate  elevation  lie  in  front  of  the  foot-hills.  These  mesas  are  also  composed  of 
sandstone.  At  the  head  of  the  Rio  Mora,  a  grayish  mass  of  eruptive  granite  has  broken 
through  the  sandstone.  In  the  vicinity  of  Fort  Union  extensive  dikes  of  basalt  occur. 
The  western  limit  of  the  basalt  is,  according  to  my  observation?,  at  Torquillo,  which 
lies  about  17  miles  west  of  Fort  Union.  Basalt  occurs  on  the  plain  lying  north  of  the 
fort.  It  covers  the  surface  as  far  as  Ocate  Crater,  which  is  just  13  miles  north.  With 
the  exception  of  the  basaltic  lava  of  Ocate  Crater,  the  basalt  is  invariably  of  a  dark 
blue  color  and  scoriaceous  texture.  Ocate  Crater  or  Mouutain  is  8,902  feet  above  the 
sea-level.  It  is  longer  from  uorth  to  south  than  from  east  to  west.  The  summit  is 
bowl-shaped,  with  the  opening  on  the  west  side.  The  slopes,  and  even  the  interior  of 
the  crater,  are  covered  with  grass,  while  on  the  northwestern  side  there  is  soil  enough 
to  support  a  small  growth  of  pi  none  and  cedars.  The  northern  slopes  of  the  mountain 
are  impassable  for  animals,  but  a  mule  can  be  ridden  to  the  summit  by  way  of  the 
south  side.  The  land  slopes  very  gradually  south  of  the  crater.  There  is  a  low  bntte 
of  basalt  on  the  southwest.  The  major  part  of  the  basaltic  lava  on  the  plain  of  Fort 
Union  has  probably  come  from  the  Ocate  Mountain.  There  is  much  variety  in  the 
lava  of  Ocate.  The  color  of  the  lava  varies  from  bright  red  to  brownish  black,  and  the 
texture  is  generally  vesicular,  though  also  compact  aud  scoriaceous  in  some  cases.  The 
reddish  lava  has  so  many  crystals  and  grains  of  white  leucite  dibseminated  through  it 
as  to  present  a  porphyritio  structure.  Between  Ocate  Mountain  and  Fort  Union  there, 
is  a  broad  and  low  mesa  of  basalt,  which  is  bordered  on  the  west  by  a  mesa  of  gray 
sandstone.  On  the  southern  part  of  the  Fort  Union  reservation  blue  limestone  out- 
crops, dipping  vtry  slightly  to  the  southwest.  Fossil  shells,  of  the  genus  Inoceramus, 
are  found  in  the  limestone,  which,  according  to  Professor  White,  are  of  cretaceous  age. 
On  the  ordnance  reservation,  oue  mile  west  of  the  post,  a  well  has  been  sunk  to  the 
depth  of  78  feet.  The  following  section  will  illustrate  the  geological  structure  at  this 
place : 

feet. 

Clay 17 

Soft  yellow  sandstone .6 

Decomposed  lava 6 

Basalt p 

Red  volcanic  scoria 4 

Sandstone  and  gravel 8 

The  well  adjoins  Captain  Shumaker's  quarters. 

ORE  DEPOSITS  NEAR  FORT  UNION. 

There  are  a  few  deposits  of  ore  near  Fort  Union,  but  none  of  them  are  workable.  In 
the  Turkey  Mountains,  abouc  9  mi  lea  from  the  fort,  ground  has  been  broken,  where 
some  malachite,  or  rather  rock  stained  by  green  carbonate  of  copper,  has  been  found. 
There  is  a  single  shaft  at  present,  about  30  feet  deep,  which  is  partially  tilled  with  water. 
The  cupriferous  rock  occurs  in  a  vein  2£  feet  wide  at  the  surface  and  6  feet  wide  at  tbe 
bottom  of  the  shaft.  The  lode  runs  north  and  south,  and  occurs  in  red  sandstone.  At 
several  other  localities  ground  has  been  broken  in  the  hope  of  finding  valuable  min- 
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erals,  but  all  without  avail.  At  one  time  placer-mining  was  carried  on  for  a  few  days 
in  one  of  the  gulches  of  the  Turkey  Mountains.  Gold  was  found  in  small  quantities 
amid  intense  excitement.  By  the  time  a  large  crowd  of  miners  had  been  collected 
about  the  spot  the  placers  gave  ont.  It  is  my  opinion  that  the  gulch  was  simply 
"  salted."  At  Coyote,  about  14  miles  from  Fort  Union,  traces  of  copper  have  been  found 
half  a  mile  north  of  the  town.  Ore  was  first  discovered  here  in  the  summer  of  1866. 
Iu  the  same  year  a  mining  company  was  organized  with  Kit  Carson  as  president  and 
J.  B.  Collier  as  vice-president.  There  was  no  definite  capital,  but  small  personal  assess- 
ments were  made  to  begin  work.  There  is  a  vein  about  4  feet  wide  occurring  in  gray 
micaceous  sandstone,  having  general  direction  from  northeast  to  southwest.  This  vein 
contains  a  little  malachite  and  aznrite,  and  is  traceable  at  intervals  for  the  distance  of 
a  quarter  of  a  mile.  At  oue  point  a  shaft  22  feet  deep  has  been  sunk.  At  another 
point,  on  the  ridge  near  the  summit,  a  slope  has  been  driven  about  40  feet  in  the  sand- 
stone rock.    Both  these  places  had  been  abaudoned  at  the  time  of  my  visit. 

Just  east  of  the  plain  of  Fort  Union  are  the  Turkey  Mountains.  The  height  of  the 
ridge  above  the  plain  is  about  700  feet,  and  the  length  is  perhaps  15  miles.  The  mount- 
ains are  composed  of  grayish  sandst  »ne,  horizontally  stratified,  with  numerous  vertical 
joints.    The  ridge  rnus  northwest  and  southwest,  and  is  much  broken  up  by  canons. 

The  formation  between  Fort  Uniou  and  the  Canadian  River  is  both  igneous  and  sedi- 
mentary. Directly  northeast  of  the  Turkey  Mountains  a  large  number  of  but  tea  and 
mesas  of  basalt  occur.  Most  of  the  but  tea  are  conical  iu  shape  and  rounded  on  top, 
but  a  few  have  the  tufreted  form.  Many  of  the  mesas  have  a  perpendicular  border  of 
basalt  about  10  feet  thick,  aud  slopes  slanting  very  gradually  on  some  sides  and  quite 
abruptly  on  the  others. 

About  15  miles  east  of  the  Turkey  Mountains  limestone  outcrops,  containing  a  species 
of  ammonites,  which  Professor  White  informs  me  belongs  to  the  cretaceous.  A  zone  of 
cretaceous  limestone  appears  to  lie  between  the  basalt  on  the  west,  and  horizontally 
stratified  sandstone  on  the  east.  But  my  observations  in  this  section  of  country 
were  too  limited,  by  the  rapid  daily  marches,  to  enable  me  to  define  the  limits  of  this 
zone  either  on  the  north  or  south.  Nearing  the  Cauadian  River,  sandstone  again  out- 
crops, containing  fossil  angiospermous  leaves,  identical  with  those  occurring  in  the 
sandstone  near  Trinidad,  about  65  miles  farther  north.  The  Canadian  River  has  cut  a 
channel  in  the  sandstone  about  300  feet  deep.  There  is  a  little  soil  alongside  the  river 
in  the  bottom  of  the  cafton.  The  country  lyiug  east  of  the  Canadian  is  a  rolling 
prairie  as  far  as  the  eye  can  reach.  On  the  west  side  of  the  Cauadian  the  country  is 
much  broken  up  by  callous  and  ravines,  rendering  it  well-nigh  impassable.  From  the 
Canadian,  our  route  lay  northeast  over  a  rolling  prairie,  with  an  occasional  low  mesa 
to  break  the  monotony  of  the  plains,  until  the  basaltic  country  in  the  vicinity  of 
Langhlin's  Peak  was  reached.  Amygdaloidal  basalt,  with  particles  of  white  calcite  in 
the  cavities,  covers  the  country  on  both  sidos  of  the  Santa  F<5  road,  from  a  few  miles 
east  of  the  Canadian  River  to  beyond  Laughlin's  Peak.  The  geological  formation  of 
I/mghlin'sPeak  is  peculiar.  It  is  a  mass  of  pinkish  trachyte  breaking  throagh  a  plain 
of  basalt.  The  mountain  is  8,949  feet  above  the  sea.  The  slopes  are  covered  with 
grass,  aud  the  summit  has  a  depression  like  a  crater.  Some  of  the  basaltic  buttes  east 
of  Laughliu's  Peak  are  very  perfect  in  outline.  All  of  them  have  a  moderate  height. 
Sometimes  tne  buttes  are  altered  to  ridgy,  saddle-shaped  hills,  a  form  which  volcanic 
cones  have  frequently  been  observed  to  assume  by  degradation.  There  are  no  lava 
bombs,  lapilli,  volcanic  sand,  or  ashes,  as  in  the  extinct  volcanoes  of  Central  France. 
The  basalt  is  usually  tit  situ.  Very  little  water  occurs  in  this  basaltic  country.  One  can 
travel  miles  without  finding  running  water,  aud  the  only  animals  seen  are  occasional 
herds  of  antelope  that  roam  over  the  plain. 

On  the  north  side  of  Laughlin's  Peak  a  mesa-like  ridge,  with  precipitous  sides,  runs 
north  as  far  as  Triuidad,  about  2d  miles  distant.  This  is  the  Raton  mesa.  On  the  west 
side  of  Laughlin's  Peak  a  hard,  grayish  slate  outcrops,  which  is  overlaid  by  a  bed  of 
]' ose  black  shale.  The  dip  of  both  these  rocks  is  slightly  to  the  southwest.  The 
shale  outcrops  again  at  a  point  abont  5  miles  west,  but  1  was  unable  to  trace  the  beds 
any  farther.  A  narrow  dike  of  basalt  has  broken  through  the  shale  about  half  a  mile 
from  Hole-iu-t he-Rock.  At  Hole-in-the-Rock,  which  by  the  bye  is  merely  a  break  in- the 
strata  that  has  been  denuded  so  as  to  leave  a  gap,  the  sandstone  with  horizontal  strat- 
ification outcrops  again,  presenting  the  same  lithological  character  as  the  sandstone 
in  the  foot-hills  a  few  miles  farther  west.  No  fossils  were  found.  The  thickuess  of 
the  exposed  strata  was  not  more  than  30  feet.  On  account  of  the  rapid  progress  through 
this  section  of  country  it  was  impossible  for  me  to  define  the  limits  of  the  sandstone. 
Dikes  of  basalt  have  in  many  places  broken  through  and  sometimes  overlaid  this  sand- 
stone. Mesas  of  vesicular  basalt  cover  the  country  for  15  miles  west  of  Laughliu's 
Peak.  Tenaja  Creek  has  out  a  cation  in  the  mesa,  which  is  known  as  Bragg's  Canon. 
On  the  lower  part  of  Teneja  Creek  a  bed  of  gray  laminated  slate  outcrops,  dipping 
very  gently  to  the  west.  Between  this  creek  and  the  foot-hills  of  the  Cimarron  Rauge 
the  country  is  rolling  prairie  without  auy  rock  in  situ.  The  Canadian  River  forms  the 
dividing-line  between  the  igneous  rock  on  the  east  and  the  sedimentary  rock  on  the 
west.    This  refers  only  to  the  upper  part  of  the  river.    The  foot-hills  from  Fort  Union 
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to  Cimarron  consist  of  sandstone,  except  in  the  vicinity  of  Uraca  Peak,  where  basalt 
occurs. 

According  to  Da  Groat,  at  the  entrance  of  the  Rayado  Valley  a  marly-limestone 
formation  occurs  near  the  basalt.  The  limestone  is  suitable  for  making  lime,  and  it  is 
burned  in  limekilns  built  of  blocks  of  basalt.  The  limestone  has  also  been  used  for 
building.  In  the  eastern  part  of  the  Maxwell  graut  the  same  limestone  formation 
which  outcrops  at  the  entrance  of  the  Rayado  Valley  extends  from  a  point  just  north 
of  Amis  Ranch  to  Rock  Ranch.  The  breadth  of  the  limestone  is  about  8  miles,  along 
the  easterly  boundary  of  the  grant. 

From  Cimarron  to  Trinidad  the  geology  is  quite  simple.  Sandstone,  of  a  color  vary- 
ing from  white  to  gray  or  yellow,  with  horizontal  stratification,  covers  this  section  of 
country.  These  foot-hills  are  densely  wooded  with  conifers  and  much  broken  up  by 
canons.  Various  creeks,  rising  in  the  Cimarron  Range,  flow  through  the  foot-hills, 
.having  cut  broad  canons  with  steep  sides.  These  main  canons  have  in  turn  many  lat- 
eral canons.  At  Crow  Creek,  12  miles  from  Red  River,  some  invertebrate  fossils  were 
found.  A  species  of  Inoceramus  and  a  fragment  of  a  shell  belonging  to  the  geuus 
Rudistes  were  collected.  According  to  Professor  White  these  fossils  are  cretaceous. 
This  fact,  together  with  the  occurrence  of  cretaceous  fossils  at  other  localities  in  the 
foot-hills,  indicates  that  they  were  formed  during  the  Cretaceous  age.  Seams  of  lignite 
occur  in  the  sandstoue  at  various  p  >iuts.  Remains  of  plants,  particularly  the  leaves 
of  angiospermous  trees,  are  common  in  the  rock  where  lignite  is  found.  But  it  is 
impossible  to  determine  with  certainty  the  age  of  the  lignite-beds  without  some  other 

guide  thau  these  fossil  leaves.  Prof.  J.  J.  Stevenson,  formerly  connected  with  the 
eographical  and  Geological  Surveys  west  of  the  Hundredth  Meridian,  has  shown  that 
fossil  leaves  are  utterly  unreliable  in  stratigraphical  geology.  I  therefore,  in  view  of 
the  occurrence  of  invertebrate  fossils,  feel  justified  in  expressing  the  opinion  that  the 
foot-hills  from  Fort  Union  to  Trinidad  belong  to  the  Cretaceous  age.  In  the  vicinity 
of  Trinidad  these  fossil  leaves  are  very  common.  A  number  of  specimens  were  col- 
lected, but  they  have  not  as  yet  been  determined.  It  may  be  stated  that  among  the 
leaves  collected  are  those  of  the  oak,  maple,  and  poplar. 

As  regards  the  beds  of  lignite  mentioned  above,  no  attempt  has  been  made  to  work 
any  of  them,  as  far  as  I  could  ascertain.  If  limestone  occurred  in  the  immediate 
vicinity  of  the  lignite,  the  latter  could  be  worked  f  >r  the  purpose  of  making  lime  ;  but 
as  there  is  no  lignite  nearer  than  50  mites  to  the  limestone,  it  is  evident  that  it  wonld 
not  be  expedient  to  transport  the  brown  co  il  such  a  distance.  The  lignite  is  very 
brittle.  In  most  places  it  crumbles  so  easily  that  it  is  difficult  to  collect  a  specimen 
that  was  not  in  the  form  of  powder. 

Several  seams  of  lignite  occur  on  the  western  side  of  the  Vermejo  Canon.  The  fol- 
lowing section  will  illustrate  their  mode  of  occurrence : 

60  feet  of  sandstone. 
3  feet  of  siliceous  conglomerate. 
25  feet  of  yellow  sandstone. 

1  foot  of  lignite. 
30  feet  of  limonite  or  hydrous  oxide  of  iron. 
10  feet  of  lignite. 
20  feet  of  sandstone. 
10  feet  of  limonite. 
15  feet  of  lignite. 
75  feet  of  yellow  sandstone. 
100  feet  of  sandstone  covered  by  a  sandy  soil. 
It  will  be  observed  that  veins  of  limonite  occur  in 
connection  with  the  lignite  or  brown  coal. 

A  stratum  of  hard  siliceous  conglomerate,  about  4 
feet  thick,  runs  through  the  sandstone  near  the  top 
of  the  mesa,  about  6  miles  north  of  Vermejo  Poet- 
Office.  The  rock  is  fine-grained,  aud  has  a  brownish 
color. 

Bituminous  coal  occurs  at  Trinidad.  The  outcrops 
of  the  coal  are  either  in  the  Raton  plateau,  just  south 
of  the  town,  or  on  the  west,  4  miles  from  the  town, 
on  the  south  bank  of  the  Purgatoire  River.  The 
principal  deposit  of  coal  occurs  at  a  point  3  miles 
south  of  Trinidad,  near  the  Santa  Fe*  road.  The 
vein  runs  north  and  south,  and  has  a  width  varying 
from  9  to  12  feet,  with  an  average  thickness  of  5*  feet 
according  to  the  statement  of  Mr.  James,  the  super- 
intendent of  the  mine.  This  vein  is  traced  for  a  length  of  2  miles  on  the  north,  and 
outcrops  on  the  north  side  of  the  Raton  Mountain.  The  coal  is  underlaid  by  a  bed  of 
yellow  sandstone.  A  layer  of  limonite  about  2  feet  thick  overlies  the  coal  at  the  place 
where  it  is  mined.    The  coal  is  said  to  be  free  from  pyrites. 
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According  to  Mr.  James,  there  are  nine  good  workable  veins  of  coal  in  the  vieinity 
of  Trinidad,  all  of  which  have  the  same  general  direction.  The  coal  is  mined  with  the 
ordinary  pick,  and  carried  out  in  a  hand-car  running  on  a  tramway.  A  tunnel  about 
5  feet  wide,  and  not  high  enough  to  allow  a  man  to  walk  uprightly,  has  been  driven  in 
the  mountain  to  work  the  coal.  This  tunnel  is  about  150  feet  long.  The  coal  is  sold 
for  $1.50  per  tou  at  the  mine.  Coke  is  made  and  sold  for  $6  per  ton  at  the  mine.  The 
coke  is  transported  in  ox-teams  to  Denver,  where  it  is  sold  for  $19  per  ton.  At  the 
time  of  my  visit  (June,  1875)  but  three  miners  were  working  at  the  mine.  This  min- 
eral property  is  said  to  be  owned  by  the  Denver  and  Rio  Grande  Railroad  Company. 
The  v  eiu  of  coal  outcropping  on  the  Purgatoire  River.  4  miles  west  of  Trinidad,  is  about 
4  feet  thick,  and  underlaid  uy  shaly  sandstone  destitute  of  fossils.  The  coal  is  some 
25  feet  above  the  level  of  the  river.  The  strata  dip  gently  to  the  west  at  this  point. 
But  little  work  has  been  done  at  this  locality.  There  are  a  few  abandoned  opeuiugs 
of  coal.  Limonite  outcrops  on  the  Santa  Fe*  road  within  3  miles  of  Trinidad,  but  none 
of  the  iron-ores  in  this  vicinity  have  been  worked  yet.  Labor  is  cheap  and  abundant. 
A  writer  in  the  New  York  Sun  states  that  there  are  1,000  square  miles  of  coal  in  the 
neighborhood  of  Trinidad,  and  now,  (1876,)  since  the  Denver  and  Rio  Grande  Railroad 
is  completed  as  far  as  this  town,  there  appears  to  be  no  reason  why  Eastern  and  Cen- 
tral Colorado  cannot  be  supplied  with  coal  from  Trinidad.  As  regards  the  age  of  this 
coal  I  am  in  doubt.  It  is  either  Tertiary  or  Cretaceous,  but  which  of  these  I  am 
unable  to  say. 

Fossil  leaves  are  abundant  in  the  sandstone  a  few  miles  from  Trinidad,  but  I  have 
already  stated  that  these  leaves  are  not  reliable.  No  invertebrate  fossils  were  found 
within  less  thau  30  miles  from  Trinidad.  But  as  the  foot-hills  on  the  eastern  side  of 
the  Spanish  Range  belong  to  the  Cretaceous  age,  according  to  my  observations,  it  is 
possible  that  the  foot-hills  containing  the  Trinidad  coal  belong  to  the  same  period. 
However,  I  am  not  justified  in  expressing  an  opinion  on  this  question. 

• 

THE  COAL  OF  THE  MAXWELL  LAND-GRANT. 

What  I  have  written  in  the  succeeding  pages  about  the  coal  of  the  Maxwell  gran*", 
has  been  translated  from  the  pamphlet  of  Messrs.  De  Groot  and  Leembruggen,  published 
in  the  Dutch  language,  at  the  Hague,  in  1874.  My  imperfect  knowledge  of  this  foreign 
tongue  has  been  a  constant  drawback  to  me.  Still  it  is  believed  that  some  interesting 
facts  will  be  found  in  the  translation.  It  is  my  opinion  that  this  coal  belongs  to  the 
Cretaceous  age,  reasoning  from  the  fact  that  I  have  referred  the  foot-hills  in  which  this 
coal  formation  occurs  to  the  same  age.  I  have  been  unable  to  find  any  expression  of 
opinion  on  the  geological  age  of  the  coal  iu  the  above-mentioned  work.  1  will  now 
quote  the  principal  part  of  the  description  of  the  coal  formation  given  by  Messrs.  Do 
Groot  and  Leembruggen : 

"The  coal  formation  extends  from  the  Cimarron  River  northward  to  the  northern 
boundaries  of  the  grant  in  the  Territory  of  Colorado.  On  the  west  the  boundaries  of 
this  formation  run  half  a  mile  east  of  Ute  Creek,  along  the  Pofiil  Park,  Van  B  re  miner 
Park,  Francisco  Pass,  and  Francisco  Park,  to  the  northern  limits  of  the  grant.  On  the 
east  the  coal  formation  i*  bounded  by  mesas  and  by  the  4  plains/  which  are  covered  with 
Quaternary  deposits  as  far  as  the  Cimarron  River.  On  this  eastern  part  of  the  grant 
the  strata  of  the  coal-formation,  and  the  coal-beds  occurring  therein,  lie  horizontally, 
while  those  beds  in  the  western  part  which  r**st  on  metamorpbic  rock  have  a  moderate 
dip  of  at  most  10°  to  15°  with  the  horizon.  This  coal-field  appears  to  have  undergone 
a  gentle  and  slow  upheaval. 

"  In  the  western  part  of  the  grant  the  ridges  of  hills  have  a  moderate  height,  the 
range  of  mountains  is  circular,  and  the  valleys,  which  are  likewise  circular,  pass  on  both 
sides  gradually  into  the  hills.  Faults  of  minor  importance  have  occurred  here.  Wh<  n 
one  enters  the  valleys  from  the  eastward  a  large  quarry  is  presented  to  the  eye,  wherein 
the  component  beds  of  the  coal-formation  are  exposed  in  nearly  vertical  walls.  In  this 
locality  the  valleys  are  wider,  and  the  dislocations  in  the  strata  have  been  the  greatest. 
Undoubtedly  the  coal-formation  extends  under  the  plains  on  the  east,  but  within  the 
grant  it  does  not  come  to  the  surface,  it  being  covered  with  alluvium. 

"  In  the  southeastern  part  of  the  grant,  granite  and  gneiss  rocks  have  been  upheaved, 
which  have  partly  overlaid  the  westerly  edge  of  the  coal -form  at  ion,  and  exerted  a 
favorable  influence  on  the  coal  occurring  therein,  but  the  rocks  have  also  broken 
through  a  part  of  this  coal -formation,  and  overlaid  a  region  4  or  5  miles  broad.  In 
this  area  the  rocks  have  undergone  considerable  change,  which  has  resulted  in  the  for- 
mation of  quartzite*,  hard  shales,  clay  schist,  and  sandstone.  These  metamorpbic 
rocks  occur  along  the  western  end  of  the  coal-formation,  while  more  westerly  the  gran- 
ite and  gneiss  rocks  are  found,  whicfc  were  the  cause  of  the  metamorphism.  We  can 
never  say  with  certainty  how  far  the  coal-formation  extends  outside  the  limit  of  the 
grant,  but  it  is  certain  that  it  extends  east  from  the  Spanish  Peaks,  and  that  coal  has 
been  worked  within  from  2  to  4  miles  of  Trinidad,  in  the  vicinity  of  boundaries  of  the 
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Maxwell  grant.  The  mesas  which  occur  in  the  northern  and  eastern  boundaries  of  the 
coal-forumtion  consist  of  basalt,  and  belong  to  the  Fishers  Peak,  a  basaltic  mountain 
that  has  the  genuine  'trap*  form,  and,  together  with  the  mesas  in  the  northeastern 
part  of  the  Maxwell  grant,  belongs  to  the  Raton  Mouutains,  which,  on  the  northern 
part  of  the  grant,  extend  east  and  west,  and  continue  on  the  eastward  for  26  miles  be- 
yond the  grant. 

"  The  basaltic  mass  of  the  mesas  in  the  northeast  part  of  the  grant  also  ontcrops 
in  various  little  mesas,  but  it  has  filled  besides  many  fissures  in  the  coal  ••  form  at  ion, 
and  accordingly  cornea  to  the  surface  in  dikes.  Wherever  this  has  taken  place  in  the 
coal-formation  the  basalt  has  metamorphosed  the  rock  and  the  coal  in  the  immediate 
neighborhood.  In  one  place  in  Red  River,  7  miles  in  the  valley  above  the  Red  River  Sta- 
tion, the  basalt  has  broken  through  a  coal-bed  2  feet  thick  horizontally,  overlying 
merely  a  email  part  of  the  metamorphosed  coal,  and  where  the  basalt  has  destroyed  the 
coal  the  space  is  filled  with  a  basaltic  mass.  This  metamorphosed  coal  is  graphite,  in 
some  places  very  pure  graphite,  that  can  be  developed  in  order  to  be  used  for  crucibles, 
for  greasing  tools,  or  for  diminishing  friction.  The  basalt  has  done  but  little  damage  in 
the  coal-formation,  and  it  is  certain  that  the  rock  has  been  penetrated  by  the  heat  de- 
veloped thereby  ;  it  has  also  co-operated  to  enhance  the  good  properties  of  the  coal  as 
fuel.  The  coal-beds  outcrop,  especially  on  the  western  edge  of  the  coal -format  ion,  and 
likewise  in  all  the  valleys  of  the  creeks  which  ruu  through  this  formation.  There  are 
three  localities  where  the  coal-beds  have  been  developed  and  investigated.  A  descrip- 
tion of  them  will  now  be  given. 

"  SECTION  IN  THE    PONIL  VALLEY. 

"  Three  miles  from  the  plains  in  the  PoQil  Valley,  and  5  miles  from  Cimarron,  abont 
6,900  feet  above  sea-level,  a  section  of  the  coal  is  exposed  on  both  sides  of  the  Poliil 
Creek.  The  ooal-bed  is  4  feet  thick,  and  consists  of  pure  coal  without  bands  of  clay. 
It  is  inclosed  by  1  foot  top-clay  and  by  2  feet  under-clay.  The  clay  and  sandstone  beds 
that  lie  above  the  coal  have  sufficient  firmness  to  rest  on  large  openings  without  cav- 
ing in,  while  the  quartzose  clay  sandstone  that  lies  under  the  coal  is  a  very  bard  rock 
that  makes  an  admirable  foundation,  which  never  will  be  exhausted  during  the  work- 
ing of  the  coal. 

"As  regards  the  properties  of  the  coal  of  New  Mexico,  it  may  be  stated  that  it  is 
particularly  fitted  for  the  preparation  of  coke,  for  use  in  generating  steam,  and  for 
making  iron.  This  coal  is  aho  useful  for  smiths'  work.  It  is  less  fitted  for  making 
gas.  In  the  valley  of  the  Ponil  clayey  spherosiderite  is  fouud,  apparently  derived  from 
the  claybtone  beds  which  accompany  the  coal,  whence  these  lenticular  balls  of  cluyty 
carbonate  of  iron  have  occurred  in  the  valley  by  means  of  weathering. 

"section  in  the  vermejo  valley. 

"  In  a  cafion  of  the  Vermejo  Valley  an  important  outcrop  of  the  coal-formation  is 
found,  wherein  occur  never  less  than  seveu  large  and  small  coal-beds,  and  clayey 
spherosiderite,  in  lens-formed  balls,  as  well  as  clay  ironstone,  in  thin  beds.  Entering 
this  cafion  3f  nvles  in  the  Vermejo  Valley,  on  the  south  side,  and  three-quarters  of  a 
mile  in  the  canon,  on  the  nothwest  side,  the  outcrop  is  seen.  The  coal-formation  has 
here  a  thickness  of  200  feet.  The  coal  is  always  at  least  21.5  feet  thick.  The  four 
lowest  beds  have  sufficient  dimensions  as  to  be  capable  of  being  developed.  The  low- 
est of  these  beds  contains  a  mass  of  coal  7  feet  thick.  In  the  second  bed,  counting 
from  below  upward,  occnr  two  beds  of  iron-ore,  the  one  being  carboniferous  and  the 
other  argillaceous.  Each  of  these  deposits  of  ore  varies  from  2.5  to  3  inches  thick,  and 
corresponds  to  the  black- band  ore  of  Scotland  aud  South  Wales. 

"The  third  and  fourth  coal-beds  have  abont  the  same  thickness,  viz,  3' feet  of  pure 
ooal,  but  clayey  concretions  occur  also.  A  deposit  of  claystone,  2  feet  thick,  lies  above 
the  fourth  ooal-bed,  in  which  lens-formed  masses  of  spherosiderite  are  imbedded.  The 
size  of  the  '  pennyst/Oiiis'  of  argillaceous  iron-ore,  which  occur  in  the  previously-de- 
scribed beds,  varies  from  very  small  to  2  feet  in  diameter  aud  D£  inches  thick.  These 
coal-beds  lie  horizontally,  and  are  similar  in  quality  to  those  in  the  Ponil  Valley. 

"SECTION   IN  TnE   COTTONWOOD  CANON,   RED  RIVER. 

"In  entering  the  valley  of  the  Red  River  one  sees  the  coal- format  ion  exposed  at  a 
point  4  miles  from  Red-River  Station,  (Stockton  ranch,)  on  the*  south  side  of  the 
canon.  There  i  s  a  workable  coal-bed  5£  feet  thkk.  This  bed  is  free  from  claystoue 
concretions,  and  lies  horizontally.  The  coal  has  the  Bam e  good  properties  as  that  of 
the  Vermejo  and  Ponil  Valleys.  In  case  railway  communication  between  Cimarron  an 
Fort  Lyon  and  Granada  is  brought  about,  the  coal  at  the  aloYe-u>eutioucd  lcealititB 
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can  be  worked  advantageously  on  account  of  the  favorable  position  it  occupies.  No 
shaft  needs  to  be  made  for  the  development  of  the  coal.  In  each  of  the  three  locali- 
ties the  coal  can  be  worked  by  galleries  driven  into  the  sides  of  canons.  As  regards 
the  evolution  of  gas,  it  may  be  said  that,  according  to  present  developments,  there  is  no 
reason  to  dread  this  source  of  danger.  The  value  of  these  workable  coals  is  highly 
important  in  this  region,  which  is  situated  so  far  from  the  great  North  American  coal- 
field, and  .when  deep  borings  shall  have  been  made  here  the  richness  of  the  coals  will 
appear  to  be  much  greater  than  we  can  safely  estimate  this  wealth  at  the  present 
time./ 

Proceeding  north  from  Trinidad,  the  country  is  underlaid  by  sandstone  until  the 
Spanish  Peaks  are  reached.  Here  dikes  of  basalt  and  trachyte-porphyry  occur.  Iu 
Kydar*s  Canon  a  bed  of  coarse-grained  limonite  occurs  near  the  wagon-road. 

Near  the  placita  of  La  Molina,  a  few  miles  from  East  Spanish  Peak,  a  dike  of  basalt 
occurs,  haviug  a  height  of  25  feet  and  a  width  of  5  feet.  It  runs  northeast  and  south- 
west, and  has  broken  through  the  yellow  sandstone.  As  far  as  iny  observations  go, 
this  is  the  only  basalt  near  the  Spanish  Peaks.  At  Wa)senburg  and  at  Fisher's  Peak 
this  rock  of  course  is  found,  but  between  these  places  and  East  Spanish  Peak  I  ob- 
served no  basalt,  except  at  the  locality  mentioned  above. 

In  the  plain  lying  northeast  of  Trinidad  a  few  buttes  of  basaltic  rocks  are  found. 
Near  the  Santa  Clara  Creek  I  noticed  two  buttes  of  hornblende-porphyry,  having  a 
granular  texture. 

At  Walsenburg,  on  the  Cucharas  River,  a  bed  of  coal  occurs.  The  locality  is  on  the 
west  side  of  the  river.  As  my  visit  at  Walsenburg  was  so  short,  I  wajS  unable  to  ex- 
amine this  deposit  of  coal,  and  therefore  merely  mention  the  occurrence  of  the  min- 
eral. No  attempt  had  been  made  to  work  the  coal  at  that  time,  (June,  1875  )  It  is 
possible  that  this  coal  may  belong  to  the  same  age  as  the  coal  of  Trinidad.  There  are 
several  low  ridges  of  basalt  running  north  and  south  near  Walsenburg. 

Twelve  miles  east  of  the  town  an  isolated  but  to  of  basaltic  rocks  occurs  in  tho  midst 
of  the  plain.  It  is  called  the  Orphan  Peak,  or  Cerrito  del  Huerfano.  The  main  part 
of  the  butte  consists  of  granular  diorire,  while  on  the  west  side  a  mass  of  compact 
basalt  outcrops.  This  butte  is  about  200  feet  high  and  200  yards  long.  It  is  longer 
from  north  to  south  than  from  east  to  west.  These  detached  masses  of  igneous  rock, 
lying  east  of  the  Spanish  Peaks  at  distances  varying  from  20  to  25  miles,  were  evidently 
upheaved  toward  the  close  of  the  elevation  and  formation  of  the  main  range.  Lat- 
eral vent*  existed  in  the  earth's  crust  through  which  the  basalt  was  erupted.  The 
numerous  dikes  of  trachyte  and  hornblende-porphyry  on  the  eastern  and  northern 
sides  of  the  Spanish  Peaks,  and  on  the  eastern  side  of  Shet^p  Mountain,  bear  evidence 
of  the  vast  amount  of  igueous  action  that  has  played  a  very  important  part  in  shap- 
ing the  physical  features  of  the  country.  These  dikes  of  rock  are  in  general  not  moro 
than  100  feet  high.  They  run  in  all  directions,  especially  in  the  vicinity  of  the  Span- 
ish Peaks,  whence  the  dikes  radiate  like  the  spokes  of  a  wheel.  Near  the  head  of  Bear 
Creek  two  of  these  walls  run  at  light  angles  to  each  other.  The  country  lying  east  of 
the  Huerfano  and  north  of  Badito,  which  borders  on  the  region  traversed  by  dikes,  has 
been  described  in  the  annual  report  for  1875. 
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report  on  the  ornithology  of  portions  of  nevada  and  california,  by  mil.  ii. 

w.  henshaw. 

United  States  Engineer  Office, 
Geographical  Surveys  west  of  the  100th  Meridian, 

Washington,  D.  C,  April  15,  1877. 

Sir:  I  have  the  hou  >r  to  transmit  the  following  report  upon  the  ornithology  of  the 
region  visited  by  me  during  the  n'eld-seaton  of  le7b*. 
Very  respectfully,  your  obedient  servant, 

H.  W.  Henshaw. 
Lieut.  Geo.  M.  Wheeler, 

Corps  of  Engineers,  in  charge. 


My  opportunities-  for  investigating  the  bird  fauna  of  this  region  began  in  the  vicinity 
of  Carson  City,  Nev.,  during  the  last  week  of  August.  The  rendezvous-cainp  estab- 
lished here  continued  till  September  15.  Up  to  this  date  most  of  my  time  was  occnpied 
in  making  collections  in  natural  history,  such  points  being  visited  in  the  neighborhood 
of  Carson  as  were  accessible  by  daily  trips.    The  party,  in  immediate  charge  of  Lieu- 
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tenant  M.  M.  Macomb,  to  which  I  was  attached  for  the  season,  left  Caraon  on  the  15th 
of  September,  and  from  That  date  till  the  termination  of  my  field-work,  except  a  period 
of  ten  days  from  November  10  to  the  20th,  which  I  spent  at  Carson,  I  was  occnpied  in 
the  immediate  vicinity  of  Lake  Tahoe,  or  in  the  mountains  lying  contiguous  to  it.  It 
will  thus  be  seen  that  the  season's  resnlts  fall  under  two  distinct  beads,  according  as 
they  were  obtained  in  the  valleys  to  the  east  of  and  adjoining  the  main  chain,  or  were 
derived  from  observations  in  the  mountains.  In  presenting  lists  of  the  birds  observed, 
with  such  notes  as  I  was  able  to  gather,  I  have  thus  divided  them.  In  connection  with 
my  work  it  is  pleasant  to  be  able  to  speak  of  the  assistance  and  co-operation  so  cordially 
extended  to  me  by  the  officer  iu  charge,  as  well  as  by  the  remaining  members  of  the 
party.  Furthermore,  I  have  to  gratefully  acknowledge  the  substantial  assistance  re- 
ceived from  Mr.  H.  G.  Parker,  of  Carson  City,  Nev.,  not  only  in  the  shape  of  rare  birds, 
the  results  of  his  enthusiastic  labors,  but  also  for  much  information  concerning  the 
haunts  of  birds,  which  his  thorough  acquaintance  with  the  country  enabled  him  to 
Bupply. 

By  the  last  week  in  August  such  of  the  birds  as  still  remained  in  the  neighborhood, 
and  which  do  not  winter  here,  had  either  congregated  in  docks  or  were  in  the  act  of 
assembling,  preparatory  for  their  departure  iu  search  of  a  more  congenial  winter  cli- 
mate; while  not  a  few  of  the  less  hardy  species,  as  the  tanagers,  orioles,  grosbeaks, 
&c,  had  already  taken  their  leave;  hence  a  very  considerable  number  of  species  that 
are  common  to  the  region  as  summer  visitants  were  not  seen  at  all  by  us ;  from  which 
fact  it  results  that  our  list  of  the  birds  noticed  during  the  season  is  very  far  from  being 
a  complete  enumeration  of  the  actual  number  of  species  belonging  to  this  region. 

The  valley,  on  the  west  side  of  which  Carson  City  is  situated,  does  not  possess,  owing 
to  the  almost  complete  absence  of  timber,  the  natural  characteristics  which  serve  to 
attract  a  great  number  of  species  of  birds. 

Along  the  banks  of  the  Carson  River,  aud  fringing  the  borders  of  the  other  small 
Btreams,  especially  where  they  debouch  from  the  mountains,  is  found  a  limited  amount 
of  shrubbery,  which  serves  to  invite  and  give  shelter  to  the  species  that  usually  fre- 
quent similar  localities.  The  remainder  of  the  valley,  not  lying  close  enough  to  the 
streams  to  admit  of  irrigation  and  cultivation,  is  clothed  only  and  everywhere 
with  sage-brush  and  grease-wood,  and  is  iuhabited  by  but  a  limited  number  of  the 
feathered  tribe.  The  foot-hills  and  eastern  faces  of  the  mouutains  immediately  over- 
looking the  Washoe  and  Carson  Valleys  were  formerly  covered  with  a  dense  pine 
forest,  which  closely  hemmed  in  the  valleys.  Within  a  few  years  this  has  been  en- 
tirely 8 wept  away,  leaving  the  hills  comparatively,  and  in  some  places  absolutely, 
denuded  of  vegetation.  As  a  consequence,  most  of  the  wood-loving  species  that 
formerly  extended  down  to,  or  even  into,  the  valleys,  have  retreated  upward,  and 
now  only  appear  below  as  occasional  stragglers,  or  in  winter. 

The  avifauna  of  the  region  about  Carson,  the  mouutains  being  excluded,  offers  to 
our  notice  little  or  nothing  that  is  peculiar,  or  that  will  serve  to  distinguish  it  from 
that  much  farther  to  the  eastward.  In  fact,  a  large  proportion  of  the  forms  are  those 
common  to  the  interior  province  generally,  of  which  the  entire  eastern  ponion  of  Ne- 
vada may  be  regarded  as  an  integral  part. 

It  is  ouly  when  we  leave  the  planus  and  low  open  valleys,  and  ascend  into  the  foot- 
hills, that  we  begin  to  meet  with  any  well-marked  change  in  the  aspect  of  the  bird- 
life.  This  change  is  a  somewhat  abrupt  one,  and  is  quite  strictly  coincident  with  the 
line  of  demarkation  between  the  valleys  and  the  elevated  foot-hills,  beiug  hence  chiefly 
indicated  by  the  presence  of  such  species  as  are  pre-eminently  niouutaiu  forms.  Thus 
in  the  shrubbery  skirting  the  foot-hills,  and  in  the  ravines,  we  find  the  California  jay 
(Cyanocitta  var.  californica.)  Reaching  the  foot-hills  the  mountain-quail  begins  to  be 
numerous.'  Still  higher  up  the  shrubbery  of  the  mountains  was  found  to  be  the  home 
of  the  curious  Thick-billed  sparrow  (Vasserella  var.  megaryncha.)  It  is,  however,  iu 
the  pine  region  proper  that  the  change  becomes  most  marked. 

Here  are  found  Turdus  ustulatus  ;  Cyanura  var.  frontalis  ;  Selasporus  rufus  ;  Sphyrap- 
icutt  ruber  and  Picas  albolarvatus. 

All  of  the  above  species  are  found  as  regular  summer  inhabitants  of  this  region, 
while  the  woodpeckers  and  jays  are  constant  residents. 

From  the  occurrence  of  these  species,  which  may  be  regarded  as  belonging  essentially 
to  the  Pacific  province,  along  this,  the  eastern  slope  of  the  Sierra  Range,  we  may  safely 
draw  the  line  which  shall  divide  the  middle  from  the  Pacific  province  ac  the  foot  of 
the  eastern  slope  of  the  mountains,  and  consider  this  slope  of  the  main  chain  as  belong- 
ing, so  far  as  its  avian  fauna  is  concerned,  to  the  Pacific  proviuce.t 

*As  ascertained  by  Mr.  Ridgway,  this  species  is  found  somewhat  farther  to  the  east- 
ward, reaching  the  mountains  by  means  of  the  connecting  foot-hills.  The  flocks  ap- 
pear, however,  to  be  little  else  than  stragglers,  and  with  the  eastern  slope  of  the  main 
chain  this  bird  ceases  to  be  common,  and  the  species  is  soon  lost  altogether. 

tTwo  of  the  mammals  found  by  us  along  this  slope  also  point  to  the  same  conclusion. 
The  large  Spermopilus  instead  of  being  the  interior  form  grammurus  is  the  rar.  beechyie 
of  the  Pacific  proviuce.    Similarly  the  small  Sciurus  is  douglatii  instead  of  richardsoni. 
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Below  is  appended  a  fnll  list  of  the  Pacific  province  forms  that  find  their  eastern 
limit  along  the  eastern  slope  of  the  main  chain.* 

I.  Species  limited  by  eastern  slope : 

1.  Zonotrichia  coronata.    Fall  migrant. 

2.  Pas8erella  var.  megaryncha.    Summar  resident. 

3.  Pipilo  var.  Oregon  us.    Resident. 

4.  Cyanura  var.  frontalis.     Resident 

5.  Cyanocitta  var.  californica.    Resident.  • 

6.  Picus  albolarvatus.    Resident. 

7.  Sphyrapicus  ruber.    Resident  in  small  numbers;  fall  migrant. 

8.  Oreortyx  picia.    Resident. 

II.  The  following  Pacific  province  species  find  their  limit  as  above  in  the  breeding 
season,  but  during  the  migrations,  especially  in  the  fall,  they  occur  more  or  less  fre- 
quently at  points  at  variable  distances  to  the  eastward : 

1.  Turdus  pallasii  var.  nanus.    Migrant. 

2.  Tardus  swainsoni  var.  ustulatns.    Summer  resident. 

3.  f  Thryothorus  bewickii  var.  spilurus.    Resident. 

4.  Troglodytes  hy emails  var.  pacificus.    Winter  resident. 

5.  Helminthophaga  celata  var.  lutescens.     Summer  resident. 

6.  Myiodioctes  pusillus  var.  pileolalus.    Summer  resident. 

7.  Melospiza  melodia  var.  heermanni.     Resident. 

6.  Melospiza  melodia  var.  guttata.  Perhaps  accidental.  One  specimen  in  West  Hum- 
boldt Mountains  in  fall.    (Ridgway.) 

9.  J  unco  Oregon  us.     Resident. 

10.  Zonotrichia  leucophrys  var.  intermedia.    Sammer. 

11.  t  A g (daius  phamiceus  var.  gubernator.    Summer. 

12.  t  Nepoccetes  niger.    Summer. 

13.  t  Chojtura  Vauxii.    Summer. 

14.  Selasphorus  rufa.    Summer. 

As  noticed  above,  the  fauna  of  the  plains  and  valleys  to  the  east  of  the  main  chain 
is,  in  respect  to  its  summer  residents,  indistinguishable  from  that  of  the  middle  pro- 
vince. 

As  showing  the  sharpness  with  which  the  line  of  demarkation  is  drawn  by  the  Sierra 
Range  we  are  able  to  note  but  two  species,  which  may  be  considered  as  characteristic- 
ally belonging  to  the  middle  province,  which,  in  their  range  westward,  intrude  beyond 
the  limit  assigned  and  reach  into  the  mountains.  These  are  Carpodacus  frontalis  and 
Pica  melanoleuca  var.  hudsonica.  The  first  is  numerous  about  Lake  Tahoe,  but  does  not, 
so  far  as  I  could  ascertain,  reach  to  the  west  of  the  divide.  Pica  hudsonica  scarcely 
finds  its  way  into  the  range,  but  is  mostly  limited  by  the  foot-hills.  A  few  individuals, 
however,  were  noticed  by  us  on  the  borders  of  Tahoe. 

Of  the  specimens  procured  along  the  eastern  slope  during  the  pcason  a  number  have 
proved  of  especial  interest,  as  illustrating  the  differentiation  which  takes  place  in  a 
species  or  variety  when  found  at  a  point  remote  from  the  locality  or  region  where  its 
peculiarities  attain  their  maximum  development,  and  which  consequently  may  be  con- 
sidered its  true  home. 

The  eastern  slope  of  the  Sierras,  thongh  belonging,  as  has  been  shown,  to  the  Pacific 
province,  occupies  a  somewhat  intermediate  position  between  the  Pacific  and  Middle 
provinces,  and,  as  it  differs  climatically  more  or  less  from  either  regi)n,  its-birds  might 
be  supposed  to  indicate  to  some  extent,  in  plumage  or  otherwise,  tbe  changes  under- 
gone in  the  conditions  of  environment.  Such  has  been  found  to  be  true.  This  is  best 
illustrated  in  the  cases  of  several  birds  that  are  represented  by  different  varieties  in 
the  two  provinces.  In  all  such  instances,  while  tbey  are  seen  to  partake  more  largely 
of  the  characteristics  pertaining  to  the  Pacific  forms,  they  are  yet,  to  a  very  apprecia- 
ble extent,  intermediate,  and,  when  compared  with  their  respective  types  from  the  west 
coast,  will  be  seen  to  divaricate  directly  toward  the  conditions  distinguishing  tbe  mid- 
dle province  forms.  Thus  the  Californian  jays  (Cyanocitta  floridana  var.  californica)  of 
tbe  eastern  slope  not  only  have  smaller  bills  and  feet  than  coast  examples,  but  their 
colors  throughout  are  decidedly  lighter,  thus  approaching  in  characteristics  tbe  var. 
tcoodhousei  of  the  interior,  which  in  its  typical  form  begins  to  occur  only  in  the  east- 
ern part  of  Nevada.  Similar  differences,  though  not  carried  to  the  same  extent,  are 
found  in  the  Steller's  jay,  in  the  variety  known  as  var.  frontalis,  which,  though  con- 
fined to  tbe  Sierras,  becomes  somewhat  lighter  colored,  with  smaller  bill,  at  its  eastern 
limit  than  in  the  Californian  coast  range  on  tbe  west. 

•  For  a  number  of  these,  as  well  as  for  indications  of  the  character  of  their  occur- 
rence, I  am  indebted  to  the  admirable  list  of  Mr.  Ridgway  ;  vide  Bull.  Ess^x  Institute, 
vol.  6,  No.  10 ;  vol.  VII,  Nos.  1  and  2 ;  and  also  in  several  instances  to  verbal  notes  fur- 
nished by  him. 

t  These  three  birds  breed  in  the  valleys  adjoining  the  mountains. 
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The  Western  Orange-crowned  Warbler,  (Helminthophaga  celata  var.  lutescene,)  which 
is  distinguished  varietally,  as  it  occurs  on  the  west  coast,  mainly  by  its  brighter  col- 
oration, is  here  decidedly  paler,  though  still  approximating  more  closely  to  this  than 
to  the  interior  and  eastern  form,  H.  celata.  The  same  is  true  of  Myiodioctes  pusillus  var. 
pileolatus  as  compared  with  M.  pusillus.  The  Song  Sparrow  of  this  region,  though  re- 
ferable to  the  Pacific  type,  (Melospiza  melodia  var.  heermanni,)  yet  very  distinctly  ap- 
proaches the  M.  var.  fallax  of  the  middle  province,  and  only  a  short  distance  to  the 
east  of  the  main  chain  will  be  found  to  merge  into  the  latter.  Perhaps,  however,  in 
no  bird  te  this  tendency  toward  variation  better  shown  than  in  the  remarkable  thick- 
billed  sparrow,  (Passerella  iliaca  var.  megaryncha.)  In  its  typical  region,  the  southern 
coast  range  of  California,  the  bill  of  this  bird  is  enormously  developed,  till  it  becomes 
almost  misshapen  through  its  extreme  deplh.  Coincident  with  this  is  a  change  of 
color,  it  being  several  shades  darker  than  its  representative  from  the  interior,  P.  var. 
schistacea.  Examples  from  the  eastern  slope,  though  unmistakably  of  this  variety,  show 
in  the  modification  of  these  peculiarities  that  many  steps  have  been  taken  toward  the 
8chistacea  form.  The  colors  are  lighter ;  the  bill,  though  still  much  larger  than  is  ever 
found  in  the  latter  bird,  is  perhaps  scarcely  half  the  size  found  in  extreme  examples  of 
P.  var.  megaryncha.  Other  species  showing  a  similar  tendency  might  also  be  cited,  all 
having  the  same  significance,  viz,  a  differentiation  from  the  typical  condition  of  their 
respective  forms  toward  the  interior  type,  coincident  with  their  intermediate  habitat. 

The  small  number  of  species  of  the  Warbler  family  (Sylvicolidai)  represented  in  the 
Sierra  Range,  as  remarked  by  us  during  the  season  of  1875  in  California,  and  again  the 

Sast  season  on  the  eastern  slope,  as  compared  with  the  number  found  in  the  Rocky 
[oun tains,  is  a  matter  of  much  interest.  When  the  comparison  is  extended  to  the 
middle  and  Pacific  provinces  proper,  nearly  the  same  numerical  ratio  is  found  to  exist. 
Noticeable  as  this  is  in  the  cases  of  these  two  provinces,  when  a  like  comparison  is  made 
with  the  eastern  province,  a  much  greater  discrepancy  in  the  number  of  this  group  is 
seen.  To  so  great  an  extent  is  this  true  that  in  a  division  of  the  continent  into  two 
longitudinal  sections  this  family  would  enter  as  a  very  important  factor  of  the  prob- 
lem, the  number  of  Warblers  found  in  the  eastern  province,  (its  divisional  line  being 
drawn  at  about  the  one-hundredth  meridian,)  as  compared  with  the  western  half,  being 
nearly  as  two  to  one.  No  fewer  than  forty-two  species  of  Warblers  inhabit  the  eastern 
region.  The  greater  proportion  of  these  occur  in  the  extreme  eastern  part,  being  there 
distributed  to  the  several  avian  faunas  that  have  beeu  marked  out  from  along  its  south- 
ern border  to  its  northernmost  limits.  The  greatest  number  of  species  occur  towards  its 
northern  portions,  especially  in  the  Alleghanian  and  Canadian  faunas  as  restricted ; 
those  whose  habitat  is  northern,  visit,  of  course,  the  lower  faunas  in  their  migrations. 
As  localities  to  the  westward  are  noted  it  will  be  found  that  the  number  of  species 
diminishes,  and  several  birds  are  lost  sight  of  ere  reaching  the  Mississippi  River.  Oa 
its  western  edge  the  eastern  province  loses  quite  a  large  proportion  of  its  character- 
istic species,  no  fewer  than  fourteen  which  occur  along  its  eastern  half,  being  absent 
in  Kansas.  A  small  percentage  of  eastern  .species  still  persist  when  the  middle  province 
is  entered,  some  of  them  being  found  clear  across  the  continent,  forming,  iudeed,  the 
larger  percentage  of  the  sylvicoline  avi-fauna. 

The  following  is  a  list  of  the  eastern  species  that  remain  when  the  middle  province 
is  reached : 

1.  Helminthophaga  celata. 

2.  Dendroica  axtiva. 

3.  Geolhlypis  trichos. 

4.  Ictevia  virens. 

5.  Myiodioctes  pusillus. 

6.  Setophaga  ruiicilla. 

Helminthophaga  ruficapilla,  Dendroica  coronata,  D.  striata,  D.  maculosa,  and  Seiurus  no- 
veboracensis  have  all  been  found  more  or  less  numerously  in  Colorado  and  elsewhere 
within  the  limits  of  the  middle  region.  They  do  not,  however,  breed  there,  but  occur 
only  as  migrants  in  spring  or  fall  as  they  pass  to  or  from  their  northern  summer  haunts 
within  the  eastern  province  ;  hence  they  are  not  included  in  the  above  list. 

To  those  enumerated  are  to  be  added  several  species  which  are  characteristic  of  the 
middle  province,  in  so  far  at  least  as  they  are  not  found  at  all  within  the  limits  of  the 
eastern ;  one  or  two  of  these  occnr,  so  far  as  known,  only  as  migrants,  their  proper 
habitat  being  the  Pacific  province;  several  are  confined  to  the  extreme  southern  por- 
tion of  the  Rocky  Mountains ;  three  only  are  confined  to  this  province. 

The  additional  species  are  : 

7.  Helminthophaga  lueto. 

8.  Helminthophaga  rirginice. 

9.  Dendroica  occidentalis. 

10.  Dendroica  townsendi. 

11.  Dtndroica  nigresccns. 
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12.  Dendroica  audubonii. 

13.  Dendroica  olivacea. 

14.  Dendroica  gracim. 

15.  Geothlypis  macgillivrayL 

16.  Setophaga  picta. 

17.  Cardellina  rubrifrons. 


Helminthophaga  lucice,  Virginias,  and  Dendroica  gracicef  are  the  only  oues  belonging  ex" 
clusively  to  this  region. 

Of  Dtndroica  occidentalis,  townsendii,  and  nigrescens,  the  two  first  come  more  properly 
within  the  Pacific  province,  as  they  breed  abont  the  Columbia  River  and  Northern  Sier- 
ras, and  only  find  their  way  to  the  Rocky  Mo'untait  s  during  the  fall  migrations,  and  then 
to  the  southern  portions  of  th*  chain.  Dendroica  nigrescens  is  equally  an  inhabitant 
of  both  regions.  Dendroica  olivacea,  Setophaga  picta,  and  Cardellina  rubrifrons  only  occur  in 
onr  territory  in  Southern  Arizona.  This  portion  of  that  Territory,  as  well  aa  the  cor- 
responding part  of  Now  Mexico,  faunally  considered,  belongs  with  and  is  indivisible 
from  Northern  Mexico. 

Leaving  the  middle  region  and  approaching  the  Pacific  coast,  we  find  that  the  num- 
ber of  warblers  still  diminishes,  whether  we  consider  the  mountains  proper,  or  the  low 
coast  regions.  In  this  province  we  find  no  species  which  we  have  not  recognized  in 
one  or  the  other  of  the  two  provinces  mentioned,  though  D.  occidental  is  and  D.  townsendii 
are  characteristic  of  this  province  as  summer  residents. 

The  following  is  the  list : 

1.  Helminthophaga  mficapilla. 

2.  Helminthophaga  ctlata  var.  lutescens. 

3.  Dendroica  wstiva. 

4.  Dendroica  occidentalis. 

5.  Dendroica  townsendii. 

6.  Dendroica  nigrescens, 

7.  Dendroica  cor ov  at  a  t 

8.  Dendroica  audubonii. 

9.  Geothlypis  trichas. 

10.  Geothlypis  macgillivrayi. 

11.  Icteria  virens.. 

12.  Myiodioctes  pusillus  v&r.  pileolatus. 

Two  instances  are  to  be  noted  here  where  birds  continuing  unchanged  as  they  pass 
from  the  eastern  into  the  middle  province,  are  in  the  Pacific  region  differentiated  into 
varieties,  namely,  Helminthophaga  var.  lutescens  arcl  Myiodioctes  var.  pileolata. 

The  evident  preponderance  of  the  number  of  species  of  this  group  in  the  Eastern 
United  States,  taken  in  connection  with  the  fact  that  so  large  a  proportion  of  tbe  forms 
that  occur  in  the  western  half  of  the  country  are  eastern  species,  but  little  changed,  or, 
as  in  most  instances,  actually  the  same,  and  that  so  few  are  peculiar  to  that  region, 
seems  strongly  to  favor  the  assumption  that  it  was  in  the  East  that  the  family  had  its 
origin,  and  that  few,  perhaps  none,  of  the  group  were  indigenous  to  tbe  West. 

A  further  consideration  of  the  number  of  warblers  inhabiting  the  more  northern  and 
eastern  parts  of  North  America,  in  comparison  with  those  of  the  southern  parts  ot 
Mexico  and  South  America,  seems  to  point  to  the  conclusion  that  the  original  ceuter  of 
tbe  family  was  actually  in  this  (the  former)  region,  and  that  it  radiated  out  from  a 
comparatively  circumscribed  area,  to  become  firmly  established  in  and  indigenous  to 
the  sections  where  it  now  flourishes.  The  Canadian  and  Hudson ian  faunas,  as  re- 
stricted by  Allen,  receive  a  larger  proportion  of  warblers  in  the  breeding  season  than 
are  to  be  found  in  any  other  region  of  North  America  of  similar  extent. 

In  his  g  ographical  distribution  of  mammals,  Wallace  arrivts  at  a  similar  conclusion 
respecting  the  Alotacillida,  (warblers,)  giving  their  probable  origin  as  North-Temperate 
America. 

LIST  OF  BIRDS  OBSERVED  NEAR  CARSON  CITY,  NEV.,  FROM  AUGUST  25  TO  SEPTEMBER  16, 
AND  FROM  NOVEMBER  10  TO  NOVEMBER  20,  1876,  WITH  NOTKS. 

TURDIOE. 

1.  Turdus  migratorius,  L.,  var.  propinquus,  R. — Nevada  Robin. 

Under  the  above  name  Mr.  Ridgway  has  recently  described  a  western  variety  of  the 
robin,  and  has  indicated  certain  differences  that  obtain  in  the  species  as  it  occurs  from 
the  eastern  base  of  the  Rocky  Mountains  westward,  as  compared  with  examples  of  the 
bird  from  the  region  east  of  the  Missouri  Plains. 

The  specimens  we  have  seen  from  Nevada  correspond  well  with  his  diagnosis  of  the 
above  bird,  and,  while  we  cannot  consider  the  forms  in  question  as  illustrating  "  two 
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very  strongly  marked  geographical  races/'  they  yet  appear  to  he  admissible  as  slight 
varietal  forms. 

Apparently  not  a  common  species  in  the  valleys  during  the  summer  and  fall;  said 
to  be  abundant  in  the  early  ppring  months  along  the  water-courses. 

2.  Oreoscoptes  montanus  (Towns.). — Sage  Thrush. 

Fairly  numerous  amongst  the  sage-brush.  The  Sierras  appear  to  limit  absolutely 
the  westward  range  of  this  species,  and  it  seems  to  be  entirely  wanting  in  California, 
except  in  the  extreme  southern  portion,  where  it  reaches  across  the  southern  line  quite 
to  the  coast;  so  to  the  northward,  where  it  finds  no  lofty  mountain  barriers,  it  extends 
to  the  Columbia  River. 

SAXICOLIDJ2. 

3.  Sialia  mexicana,  Sw. — Western  Bluebird. 
Common. 

4.  Sialia  arctica,  Sw. — Arctic  Bluebird. 

Noted  about  Carson  in  November,  when  it  frequented  the  cedar  and  piiion  hills, 
descending  at  this  season  from  the  mountains,  where  found  earlier. 

SYLVIIDJE. 

5.  Regulu8  calendula,  (L.). — Ruby-crowned  \yren. 

Quite  numerous  in  the  cotton  woods  and  in  the  shrubbery  of  the  streams. 

PARID.E. 

6.  Parus  mo  nt  anus,  Gamb. — Mountain  Chickadee. 

Tbough,  as  its  name  implies,  a  lover  of  the  mountains,  whera  an  inhabitant  of  the 
conifers,  it  yet  iu  fall  descends  lower,  and.  in  the  depth  of  winter  is  fouud  quite  com- 
monly among  the  deciduous  vegetation  of  the  valleys. 

TROGLODYTIDuE. 

7.  Troglodytes  aedon,  V.,  var.  parkmanni  (  Aud.). — Park  m  an 'd  Wren. 
Not  common ;  not  seen  about  houses,  but  frequenting  the  shrubbery. 

8.  Cistothorus  palustris,  Wils.,  var.  paludicola,  Bd. — Long-billed  Marsh  Wron. 

The  sedgy  margins  of  Washoe  Lake  contain  thousands  of  these  noisy  little  wrens, 
which  winter  here. 

MOTACILLID.E. 

« 

9.  Anthus  ludovicianus  (Gin.). — Titlark. 

Not  seen  about  Carson  in  September,  but  found  on  my  return  in  November  in  small 
numbers.  Found  along  water-courses,  but  chiefly  in  wet,  meadowy  ground  or  among 
stubble. 

SYLVICOLIDiE. 

10.  Hclminthophaga    odaia   (Say),   var.    lutesoens,    Ridgw. — Western  Orange-crowned 

Warbler. 

Occurs  in  small  numbers  in  fall  in  the  shrubbery  that  skirts  the  foot-hills. 

11.  Dendroica  audubonii  (Towns.). — Audubon's  Warbler. 
Appearing  in  the  valleys  only  during  the  migrations. 

12.  Geothlypis  trichas  (L.).— Maryland  Yellowthroat. 

A  few  of  this  species  were  seen  till  into  September.  They  are  quite  numerous  earlier 
breeding  in  the  low  portions  of  the  valleys.  , 

13.  Afyiodioctcs  pumllus  (Wils.),  var.  pi leola ta,  Ridgw. — Western  Black  Cap. 
One  or  two  seen  along  the  borders  of  Washoe  Lake. 
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LANIID^E. 

14.  Collurio  borealia  (V.). — Great  Northern  Shrike. 

Makes  its  appearance  about  Carson  from  the  north  in  October.    Saw  several. 

15.  Collurio  ludovicianus  (L.),  var.  excubitoroides  (Sw.). — Western  Loggerhead  Shrike. 
Appears  to  be  resident  in  considerable  numbers.    Quite  common  in  November. 

FRINGILLIOE. 

16.  Carpodacu8  frontalis  (Say). — House  Finch. 

Abundant ;  frequenting  especially,  and  in  large  flocks,  the  shrubbery  along  the  Car- 
son River. 

17.  Passerculus  savanna  (Wils.),  var.  alaudinus,  Bon. — Western  Savanna  Sparrow. 
Numerous  in  wet  ground. 

18.  Pooecetes  gramincus  (Gm.),  var.  confinis,  Bd. — Western  Grass  Finch. 
Common  among  the  sage-brush. 

19.  Melo&piza  melodia  (Wils.),  var.  keermanni,  Bd. — Heerman's  Song  Sparrow. 

I  saw  but  few  of  this  sparrow  in  the  valleys.  It  however  occurs  about  Carson, 
according  to  Mr.  Ridgway,  as  a  common  summer  resident,  and  a  greater  or  less  num- 
ber winter. 

20.  Poospiza  belli  (Cass.),  var.  nevadensis,  Ridgw. — Artemisia  Sparrow. 

The  artemisia  wastes  are  peculiarly  suited  to  the  habits  of  this  species,  and  all  the 
year  round  it  may  be  found  in  the  same  localities.  It  builds  its  nest  in  the  sage-bush 
in  summer,  and  as  fall  approaches  the  flocks  congregate  together,  not  to  leave  their 
desolate  surroundings,  but  to  wander  hitber  and  thither  in  more  extended  circles  over 
the  same  hunting-grounds. 

21.  Junco  oregonus  (Towns.). — Oregon  Snowbird. 
In  fall  and  winter  numerous  in  the  valleys. 

22.  Spizella  socialis  (Wils.),  var.  arizotiCB  (Cones). — Arizona  Chipping  Sparrow. 
Common  in  summer. 

23.  Spizella  breweri,  Cass. — Brewer's  Sparrow. 
Very  numerous,  inhabiting  the  sage-brush. 

24.  Zonotrichia  leucophrys  (Forat.),  var.  intermedia,  Ridgw. 

This  species  remains  in  the  mountains  till  late  in  the  fall,  but,  gradually  descending, 
becomes  by  November  quite  common  in  the  low  valleys,  where  among  the  brush-wood 
it  remaius  during  the  winter. 

25.  Chondeste*  grammdca  (Say). — Lark  Finch. 

Tolerably  numerous.  I  saw  more  individuals  in  November  than  in  August.  Fre- 
quents at  this  season  for  the  most  part  open  ground. 

26.  Cyanoapiza  amccna  (Say). — Lazuli  Finch. 

By  the  latter  part  of  August  nearly  all  this  species  bad  migrated  to  the  south,  and 
only  an  occasional  individual  was  seen.    Numerous  in  summer. 

ICTERID.E. 

27.  AgelcBus  phccniceus  (L.). — Red- winged  Blackbird. 

This  is  the  common  species  of  the  marshes  about  Carson,  and  of  the  region  generally. 
This  appears  to  be  its  western  limit.  The  A,  var.  gubernator,  according  to  Mr.  Ridgway 
also  occurs  in  the  marshes. 

28.  Xanthocephalu8  icterocephalus  (Bp.). — Yellow-headed  Blackbird. 

This  bird  does  not  appear  to  be  found  in  any  considerable  numbers  in  this  locality. 
They  were  more  or  less  common  in  November  about  the  tulle  sloughs,  and  remain  dur- 
ing the  winter. 
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29.  Sturnella  magna  (L.),  var.  neglecta. — Western  Meadow  Lark. 

Very  numerous  both  in  summer  and  winter,  being  chiefly  found  io  the  pas  tares,  but 
frequenting  to  some  extent  the  sage-brush. 

30.  Scolecophagus  cyanocephalus  (6m.). — Brewer's  Blackbird. 

More  numerous  even  than  the  red-wings,  as,  too,  more  generally  distributed.  In  win- 
ter they  may  be  seen  in  almost  any  situation. 

CORVID^E. 

31.  Corvus  corax  L.,  var.  carnivorud  Bartr. — American  Riven. 
A  common  resident. 

32.  GymnoJdtta  cyanocephyala  Maxim. — Blue  Crow. 

Not  an  inhabitant  of  the  valleys  proper  at  any  season,  but  often  seen  in  large  flocks 
flying  from  one  range  of  pi  Hon  hills  to  another.  They  are  resident,  and  breed  amoDg 
the  piiions. 

33.  Pica  melanoleurca  (L.),  var.  hudsonica,  Sab.— Magpie. 

The  magpie  is  a  very  common  inhabitant  of  the  valleys,  being  naturally  fond  of  the 
densest  thickets  that  fringe  the  various  streams,  where  they  build  their  nests.  The 
bird  plays  an  important  role  as  a  scavenger,  aud  the  slaughter-houses  form  the  centers 
around  which  all  the  individuals  of  a  locality  congregate. 

34.  Cyanocitta  floridana  (Bartr.),  var.  califomica,  Vigors. — Californian  Ground  Jay. 

This  species  crosses  the  Sierra  range,  and  is  found  along  the  eastern  slope  of  the 
mountains.  It  reaches,  however,  no  farther  than  the  foot-hills,  but  is  soon  replaced  to 
the  east  by  the  closely  allied  form,  the  Wood  house's  Jay,  (Cyanocitta  var.  woodhousei.) 
I  found  it  numerous  in  the  brush  of  the  foot-hills ;  not  present  in  the  pine  woods  of  the 
mountains.    ByNovembor  all  had  passed  farther  south. 

TYRANNID^. 

35.  Tyrannus  verticalis,  Say. — Arkansas  Flycatcher. 

A  very  abundant  species  about  Carson,  where  they  nest  in  the  shade-trees  along  the 
streets.  They  leave  for  the  south  in  August,  and  by  the  last  of  the  month  all  had  de- 
parted. 

36.  Sayorni8  sayus  (Bon.). — Say's  Flycatcher. 

A  single  specimen  was  taken  September  8.  The  species  is  doubtless  a  common  one 
during  the  summer. 

ALCEDINIDJ3. 

37.  Ceryle  alcyon  (L.). — Kingfisher. 
Common  on  all  the  streams. 

CAPRIMULGIDJ3. 

38.  Antro8tomu8  nuttulli  (And.). — Nuttali's  Poorwill. 

Present  in  considerable  numbers  during  summer.  The  species  migrates  during  the 
month  of  September,  aud  is  then  very  frequently  starttd  up  from  among  the  scrub  and 
brush  of  the  hillsides. 

39.  Chordeilcs  popetue  (Vieill.),  var.  henryi,  Cass.— Western  Night-Hawk. 
Numerous  in  the  valleys.    All  had  disappeared  by  the  last  of  August. 

TROCHILID.E. 

40.  Selasphorus  ntftis  (Ginel.). — Rufous-backed  Humming  Bird. 

An  occasional  individual  seen,  which  had  strayed  down  from  the  neighboring  mount 
ains.    Probably  not  found  in  the  valleys  at  all  in  summer. 
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PICID.E. 

41.  Picus  villo8U8  (L.),  var.  harrisii,  And. — Harris's  Woodpecker. 

Not  common  in  the  valleys,  bat  occasionally  seen  in  the  trees  about  Carson  in  the 
fall. 

42.  Colaptes  mexicanus  (Swains.). — Red-shafted  Flicker. 

Quite  common  in  the  valleys  in  summer;  more  numerous  in  fall. 

STRIGIDJE. 

43.  Otu8  vulgaris  (L).  var.  witeonianui  (Less.) — Long-eared  Owl. 

The  only  arboreal  species  that  is  at  all  common  in  the  valleys.    This  bird  is  very 
numerous  aud  lives  the  year  round  iu  the  little  copses  of  willows  and  the  denser  thick- 
ets bordering  the  swampy  lands.    Their  food  consists  almost  exclusively  of  field-mice, 
of  which  they  kill  vast  numbers,  a  fact  which  should  earn  them  the  protection  of  the 
farmers.  • 

44.  Speotyto  cunicularia  (Mol.),  var.  hypugwa  (Bon.). — Burrowing  Owl. 

An  abundant  resident  in  some  of  the  high  pasture  lands  about  Carson,  their  location 
being  only  determined  by  the  presence  of  suitable  burrows  made  by  the  several  species 
of  ground-squirrels  (Spermophilus.) 

FALCONIDJ2. 

45.  Falco  communis  Gmel.,  var.  anatum,  Bon. — Duck  Hawk. 

In  fall  making  its  appearance  in  considerable  numbers  along  the  sloughs  and  on  the 
borders  of  the  lakes,  where  it  is  always  ready  to  capture  the  water-fowl  disabled  by 
the  gunners.  Its  powers  of  wing  are  ample  to  enable  it  to  overtake,  in  fair  pursuit,  any 
of  the  ducks,  and  many  fall  its  victims. 

46.  Falco  sparrerius  L  — Sparrow  Hawk. 
Numerous. 

47.  Pandion  halicetus  (L.). — var.  carolinensis,  Gmel. — Fish  Hawk. 
Common  on  the  lakes  and  streams. 

48.  Circus  cyaneus  (L.).  var.  hudsonius,  L. — Marsh  Hawk. 

The  most  abundant  of  all  the  predatory  birds.  Exceeding  numerous  in  the  marshes. 
Never,  I  think,  interfering  with  the  water-fowl,  except  when  wounded,  and  deriving 
its  subsistence  chiefly  from  the  smaller  species  of  rodents. 

49.  Buteo  borealis  (Gmel.).,  var.  calurus,  Cass. — Western  Red-tailed  Hawk. 
Not  very  common,  and  seen  in  the  low  valleys  only  in  fall  and  winter. 

50.  Archibuteo  lagopus  (Brunn.).,  var.  sancti-jonannis,— Rough-legged  Hawk. 

Coming  down  from  the  mountains  in  considerable  numbers  as  fall  approaches,  and* 
like  the  Duck  Hawk,  making  its  headquarters  about  the  sloughs  and  open  sheets  of 
water.    Its  chief  dependence  are  mice,  but  it  alao  seizes  many  wounded  ducks. 

51.  Aquila  chryscetus  (L.). — Golden  Eagle. 

Mr.  Parker  presented  me  with  a  specimen  of  this  eagle,  which  he  had  killed  in  the 
fall  near  Carson.    Its  occurrence  so  low  down  is  not  common. 

52.  Rhinogryphus  aura{h.). — Red-beaded  Vulture. 
Numerous  abont  Carson,  where  very  useful  as  a  scavenger. 

COLUMBIDJ2. 

53.  Zenaidura  carolinensis  (L.). — Carolina  Dove. 
Abounds  in  the  low  valleys  everywhere. 
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PERDICID^l. 

54.  Oseortyz  plcta  (Dougl.). — Mountain  Qaail. 

Scarcely  found  in  the  valleys,  yet  ranging  from  the  high  mountains  over  the  foot- 
hills, and  so  occasionally  met  with  in  the  valleys,  or  at  the  head  of  ravines,  whither 
they  resort  after  water. 

55.  Lophortyx  californicus  (Shaw.). — California  Valley  Quail. 

A  few  have  been  introduced  about  Carson,  as  I  was  informed  by  Mr.  Parker.  They 
do  not  appear  to  increase  at  a  very  rapid  rate. 

CHARADRIID^E. 

56.  Aegialitis  rocifera(L.). — Killdeer. 

Numerous  in  snmmer  and  fall,  becoming  rarer  as  the  season  advances,  and  probably 
but  few  actually  wiuter  in  this  vicinity. 

RECUR  VIROSTR  ID.E. 

57.  Becurviro8tra  americana,  Gmel. — American  Avocet. 

Rather  abundant  duriDg  the  migrations ;  many  breed  about  Washoe  Lake. 

SCOLOPACIDiE. 

58.  Gallinago  wilsonii  (Temm.). — Wilson's  Snipe. 

Not  abundant,  but  still  found  in  considerable  numbers,  especially  during  the  fall  mi- 
gration.   A  few  doubtless  winter. 

59.  Ereunetee  pusillus  (L.). — Semi  palmated  Sandpiper. 

60.  Totanm  melanolencus  (Gmel.). — Greater  Yellowlegs. 

Of  frequent  occurrence  in  spring  and  fall,  during  the  migrations. 

ARDEIDZ2. 

61.  Ardei,  herodias  L. — Great  Blue  Heron. 
Common. 

62.  Herodias  egretta  (Gmel.). — Great  White  Egret. 
An  occasional  individual  seen. 

63.  Botaurus  minor  Gmel. — Bittern. 

Very  common  in  the  marshes. 

RALLID^E. 

64.  Ballus  virginianus  L. — Virginia  Rail. 

Rather  numerous. 

The  Porzana  Carolina  was  not  seen  by  us,  but  was  found  by  Mr.  Ridgway  breeding  in 
the  Truckee  Valley,  aud  doubtless  it  is  found  in  all  the  marshes  of  this  vicinity, 

65.  Fulica  americana  Gm. — Coot. 

Breeds  in  great  numbers  iD  the  tules  of  Washoe  and  other  lakes  of  this  region.  In 
fall  appears  in  immense  numbers. 

ANATID^. 

66.  Cygnus  buccinator  Richardson. — Trumpeter  Swan. 

Mr.  Parker  informed  me  that  occasionally  a  swan  strayed  on  to  Washoe  Lake.  At 
the  sink  of  the  Carson  River  this  swan  is  found  in  fall  in  very  great  numbers. 

67.  Anser  hyperboreus  Pall. — Snow  Goose. 

Coming  from  the  north  in  large  flocks  in  October  and  November. 
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68.  Branta  canadensis  (L.). — Canada  Goose. 

Migrants  from  the  north  appear  in  the  fall  iu  large  flocks ;  some  merely  make  a  tem- 
porary sojourn,  and  continue  their  coarse  southward.  Many  of  those  arriving  late  re- 
main about  the  lakes  all  winter. 

69.  Branta  canadensis  (L.),  var.  leucopareia  (Brandt). — White-collared  Goose. 

A  single  individual  of  the  above  variety,  one  of  a  small  flock,  was  shot  in  November 
by  my  friend  Mr.  Parker.  The  three  forms  of  the  Canada  goose  (canadensis,  hutchinsii, 
and  leucopareia)  appear  to  come  from  the  north  in  associate  bauds,  the  flocks  being 
often  composed  in  this  locality  of  varying  numbers  of  either  bird. 

70.  Dendrocygna  fulva  (Gm^)  Burm. — Fulvous  Tree  Duck. 

With  a  habitat  extending  far  down  into  Central  and  South  America,  this  duck  yet 
occurs  along  our  southern  borders,  and  it  is  probable  with  greater  regularity  and  iu 
more  considerable  numbers  than  the  isolated  records  of  its  capture  would  seem  to  im- 
ply. A  specimen  is  in  the  Smithsonian  from  New  Orleans,  and  the  species  was  found 
at  the  mouth  of  the  Colorado  River  by  Dr.  Palmer.  It  was  detected  at  Fort  Tejon, 
Southern  California,  by  Xantus,  while  as  high  up  as  San  Francisco  it  seems  to  be  of  not 
very  unusual  occurrence. 

To  the  notices  above  is  to  be  added  the  fact  of  its  occurrence  at  Washoe  Lake,  Nev- 
ada, where  the  species  was  found  by  my  friend  Mr.  Parker  in  the  early  part  of  this 
year  (1877).  He  succeeded  in  shooting  three  out  of  several  large  flocks,  one  of  which 
specimens  is  now  before  me.  As  this  neighborhood  is  almost  destitute  of  trees,  it  is 
certain  they  do  not  spend  the  summer  here,  but  probably  pass  on  to  some  of  the  heav- 
ily-timbered valleys,  as  the  Lower  Truckee,  which  would  appear  well  adapted  to  their 
peculiar  arboreal  habits.  Their  occurrence  here  may,  however,  be  somewhat  of  an 
accidental  nature,  as  Mr.  Parker  writes  that  they  were*  seemingly  driven  in  with  myri- 
ads of  other  fowl  by  a  severe  snow-storm,  and  that  neither  himself  nor  any  of  the  gun- 
ners of  that  vicinity  had  ever  seen  them  about  the  lake  before.  Notwithstanding  which 
fact,  it  iB  by  no  means  unlikely  that  future  investigations  will  show  the  bird  to  be  a 
regular  summer  resident  of  such  portions  of  this  region  as  are  suited  to  its  needs. 

71.  Anas  boschas  L. — Mallard. 

A  common  summer  resident ;  very  abundant  in  fall  and  winter. 

72.  Dafila  acuta  L. — Pintail. 

Most  abundaut  in  the  late  fall,  when,  with  other  species,  it  appears  from  farther 
north. 

73.  Chaulelasmus  streperus  (L.). — Gad  wall. 

Breeds  commonly,  and  in  fall  is  numerically  one  of  the  best  represented  of  the  family. 

74.  Mareca  americana  (Gm.). — Baldpate. 
Very  numerous,  especially  late  iu  fall. 

75.  Querquedula  carolinmsis  (Gm.). — Green-winged  Teal. 

Very  numerous.  Is  in  August  and  early  September  perhaps  the  most  numerously 
represented  of  any  of  the  family. 

76.  Querquedula  discore  (L.). — Blue-winged  Teal. 

Not  nearly  so  common  as  either  of  the  other  two  species. 

77.  Querquedula  cyanoptera  (V.). — Red-breasted  Teal. 

It  breeds  in  great  numbers  in  the  region  generally.  I  believe  it  migrates  south 
earlier  than  any  other  species.  I  failed  to  detect  its  presence  in  November,  and  think 
none  remain  to  winter. 

78.  Spatula  clypeata  (L.). — Shoveller. 

Very  abundant,  both  as  a  summer  resident  and  a  fall  migrant. 

79.  Aix  sponsa  (L.). — Summer  Duck. 
Rather  uncommon. 

80.  Fuliaula  marila  (L.). — Greater  Blackhead. 

One  of  the  later  arrivals  in  fall  from  the  north.    Abundant. 
83  E 
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81.  Fuligula  mariJa  (L.),  var.  affinis,  Eyton. — Lesser  Blackhead. 
Like  the  preceding. 

82.  Fuligula  oollaria  (Donovan). — Ring-necked  Dnck. 

Breeds  abundantly  in  the  various  lakes.  I  found  the  young  as  late  as  September  3 
still  unable  to  fly. 

83.  Fuligula  ferina  (L.),  var.  amerioana  (Eybon). — Redhead. 
Present  in  the  fall,  but  never,  I  think,  in  great  numbers. 

84.  Fuligula  vallisneria  (Wils.). — Canvas-back. 

Was  told  by  Mr.  Parker  that  he  had  shot  quite  a  number  of  this  species  about  Washoe 
Lake. 

85.  Bucephala  albeola  (L.). — Buftle-headed  Buck. 
In  considerable  numbers  in  fall. 

86.  Mergus  strrator  (L.). — Red-breasted  Merganser. 
Numerous. 

87.  Mergus  cucullatus  (L.). — Hooded  Merganser. 
Quite  abundant,  but  occurring  late  in  fall. 

88.  Eritmatura  rubida  (Wils.).— Ruddy  Duck. 

Apparently  not  very  common. 

PELECANIDJ2. 

89.  Pelccanus  trachyrynchus  Lath. — White  Pelican. 

Only  appearing  on  Washoe  Lake  in  fall,  and  in  small  numbers.  Said  to  breed  in 
great  numbers  on  Pyramid  Lake,  to  the  north. 

GRACULIDJ2. 

90.  Graculus  dilophus  (Sw.). — Double-crested  Cormorant. 
This  cormorant  is  found  on  the  various  lakes  in  summer. 

LARID.E. 

91.  Laru8  delawarensis  Ord. — Ring-billed  Gull. 

This  gull  was  found  in  great  numbers  on  Washoe  Lake  in  September  and  October. 
During  the  fall  its  distribution  throughout  this  region  is  very  general,  and  wherever 
found  it  is  abundant. 

92.  Larus  calif ornicus  Lawr. — Californian  Gull. 

Mingled  with  the  preceding  were  a  few  of  this  species  or  variety. 

The  relationship  of  these  two  birds  appears  not  to  be  thoroughly  established  yet, 
and  in  a  series  of  eight  specimeus  from  Washoe  aud  Tahoe  Lakes,  I  find  several  in  the 
immature  plumage  which  I  assign  with  difficulty.  In  adult  plumage  the  present  bird 
is  said  to  have  a  larger  bill  than  the  preceding  species,  and  to  present  some  distinctive 
points  of  coloration,  especially  in  its  darker  mantle.  The  only  adult  bird  I  have  agrees 
well  with  the  diagnosis,  but  in  the  case  of  the  immature  plum  ige  there  appear  to  be 
no  thoroughly  reliable  distinctive  characteristics  which  will  serve  to  distinguish  the 
two  species. 

93.  Sterna  regia  Gambel. — Royal  Tern. 

Found  on  Washoe  Lake  in  small  numbers  late  in  the  fall. 

94.  Hydrochelidon  fisHpes  (L.). — Black  Tern. 

Seen  in  small  numbers  on  Washoe  Lake  in  August.    None  were  present  in  November. 

COLYMBIDJ2. 

95.  Colymbus  torquatus  Bruun.— Great  Northern  Diver. 

Present  on  Washoe  Lake  in  November,  where  I  saw  two  individuals.  Was  informed* 
however,  that  its  occurrence  here  was  unusual.  Its  dispersion  over  all  portions  of  the 
west  in  fall  and  winter  appears  to  be  general. 


APPENDIX  NN.  1315 

PODICIPIIXffi. 

96.  Podiceps  (<33cmopKorus)  occidentalU  Lawr. — Western  Grebe. 

Breeds  abundantly  in  Washoe  Lake.  The  young  still  io  the  down  were  taken  Aagnst 
31.  One  of  the  main  subgenerio  characters  of  this  bird  is  the  absence  of  colored  ruffs 
or  other  nuptial  ornaments  about  the  head  during  the  breeding  season,  it  thus  forming 
a  striking  exception  to  the  general  rule  obtaining  in  the  family.  The  yonng,  the  first 
I  believe  ever  taken,  are  now  before  me,  from  the  above  locality.  They  scarcely  need 
description,  more  than  that  conveyed  in  the  general  statement  that  in  the  distribution 
of  colors  they  almost  exactly  resemble  the  old  birds.  In  this  respect  they  seem  to 
carry  out  the  peculiarities  of  their  parents,  inasmuch  as  the  young  of  the  other  grebes 
are  all,  so  far  as  I  am  aware,  curiously  streaked  or  mottled  in  their  first  or  downy 
pin  mage.  x 


LIST  OF  BIRDS  OBSERVED  ON  THE  EASTERN  SLOPE  OF  THE  SIERRAS,  NEAR  CARSON  CITY, 

NEVADA,  FROM  SEPT.  16  to  NOV.  7 J   WITH  NOTES. 

TURDIDJE. 

1.  Tardus  migraiorius  L.,  var.  propinquus  Ridgw. — Nevada  Robin. 

During  the  month  of  September  the  Robins  began  to  be  rather  numerous  along  the 
mountain  sides,  the  number  of  those  resident  here  during  the  summer  having  doubt- 
less been  increased  by  the  arrival  of  birds  reared  farther  to  the  north,  while  they  were 
rendered  more  conspicuous  from  the  fact  of  their  having  flocked.  Iu  early  November 
they  were  seen  in  great  flocks  at  different  localities,  where  were  found  various  kinds 
of  wild  berries.    The  majority  of  these  birds,  if  not  all,  pass  farther  south  to  winter. 

2.  Tardus  ncevius  Gm. — Varied  Thrush. 

A  male  of  this  species  which  I  saw  confined  in  a  cage  in  a  store  in  Carson  City  was 
said  by  the  owner  to  have  been  captured  during  the  previous  spring  iu  the  adjoining 
mountains.  For  this  statement  I  cannot  vouch,  but  give  it  for  what  it  is  worth.  This 
thrush  has  never  been  recorded  from  any  locality  east  of  the  Sierras ;  yet  there  seems 
to  be  no  reason  why  during  the  migrations,  as  in  the  case  of  other  birds  possessing  a 
similar  summer  habitat,  the  species  may  not  occur  along  the  eastern  slope.  That  it 
actually  does  so,  however,  remains  to  be  proven. 

SAXICOLIOE. 

3.  Sialia  mexkana  Sw.— Mexican  Bluebird. 

During  the  month  of  September  and  early  October  this  species  was  rather  numerous 
among  the  pines  at  an  elevation  of  about  7,000  feet.  After  this  fewer  were  seen,  a  par- 
tial emigration  having  perhaps  taken  place,  or,  as  is  more  likely,  the  species  having  re- 
tired from  the  high  altitudes  to  the  valleys,  where  they  winter  in  considerable  numbers. 

4.  Sialia  arctioa  Sw. — Arctic,  Bluebird. 

At  the  time  the  preceding  species  began  to  diminish  in  numbers  the  present  bird 
attracted  attention  by  a  corresponding  increase,  and  it  soon  almost  wholly  represented 
the  other  in  the  mountain  region.  They  winter  among  the  pines  and  in  the  brushy 
ravines,  forming  a  close  association  with  the  Titmice,  Nuthatches,  etc. 

SYLVIID.E. 

5.  Regulus  calendula  (L.). — Ruby-crowned  Kinglet. 

Abundant  during  the  fall  months  among  the  pines,  sometimes  in  small  companies  of 
their  own  species,  but  more  often  distributing  themselves  by  twos  and  threes  among 
the  flocks  of  winter  birds. 

PARID.E. 

6.  Lophophanes  inornalus  (Gamb.).— Plain  Titmouse. 

A  resident,  but  not  very  numerous.  Inclined  to  favor  with  its  presence  the  cedar  and 
pifion  hills  rather  than  the  pine  region  proper,  from  which,  however,  it  is  not  entirely 
absent. 
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7.  Parua  montanus  (Garab.)- — Moan  tain  Chickadee. 

Appears  to  be  the  only  other  representative  of  the  family  in  this  region.    A  con 
stant  resident  of  the  pineries. 

SITTIDiE. 

8.  Sitta  caroliueneu  6m.;  var.  aculeata,  Cass. — Slender-billed  No  thatch. 
An  abundant  resident  of  the  pine  timber. 

9.  Sitta  pygmcea  Vig. — Pygmy  Nuthatch. 

The  most  abundant  of  the  tribe,  keeping  exclusively  in  the  pines,  among  which  they 
wander  in  large  flocks. 

CERTHIIILE. 

10.  Certhia  familiari*  L.,  var.  amerioana,  Bon. — American  Creeper. 
Only  a  few  seen,  and  these  among  the  pines. 

SYLVICOLIDiE. 

11.  Helminthophaga  celata  Sav,  var.  lutescens  Ridgw. — Western  Orange-crowned  War- 
bler. 

This  variety  was  found  rather  common  during  September  about  Lake  Tahoe,  fre- 
quenting chiefly  the  brushy  thickets  on  the  mountain  sides.  It  probably  breeds  all 
along  the  eastern  slope. 

12.  Dendroica  audubonii  (Towns.). — Audubon's  Warbler. 

The  only  numerously  represented  species  of  the  family.  Not,  I  think,  nearly  as 
abundant  as  in  the  Rocky  Mountains  at  the  corresponding  season.  Keeping  generally 
in  the  pines,  but  also  seizing  much  of  its  food  from  the  ground. 

TANAGRIDJE. 

13.  Pyranga  ludovioiana  ( Wils. ). — Louisiana  Tanager. 

A  very  much  belated  individual  of  this  species  was  seen  September  18.  The  species 
had  passed  south  long  before. 

AMPELIDJE. 

14.  Myiadeetee  toivnsendii  (And.).— Townsend's  Solitaire. 

None  seen  till  the  first  days  of  October ;  after  this,  small  companies  were  occasionally 
noted  in  various  localities  through  the  mountains.  Probably  more  or  leas  pass  the 
summer  on  the  higher  summits. 

FRINGILLIDJS. 

15.  Carpodacus  castini  Bd. — Casein's  Purple  Finch. 

In  September  this  Finch  was  not  uncommon  about  Lake  Tahoe.  After  which  none 
were  seen,  the  species  having  migrated.    It  is  a  summer  resident  in  this  region. 

16.  Meloepiza  meladia  var.  heermannii  (Bd.). — Heermann's  Song  Sparrow. 

Quite  rare  among  the  mountains.  Occasionally  one  seen  in  October  in  the  thickets 
along  the  streams. 

All  examples  of  the  Song  Sparrow  I  have  seen  from  this  region,  while  referable  to 

the  above  variety,  yet  mark  quite  a  decided  step  in  the  advance  towards  the  central 

region  form,  the  M.  v&T.fallax.    They  are  not  so  dark  colored  as  specimens  from  the 

California  coast,  and  the  bills  appear  to  be  somewhat  slenderer,  approximating  in 

•these  particulars  to  fal lux. 

17.  Junoo  oregonu8  (Towns.). — Oregon  Snowbird. 

Very  abundant  everywhere.  I  presume  this  hardy  species  winters  in  the  mountains ; 
at  least  many  remain  till  the  snow  falls  to  a  considerable  depth. 

18.  Zonotrichia  leucoprys  (Forst.),   var.  intermedia  Ridgw. — Western  White-crowned 
Sparrow. 

This  bird  was  found  by  Mr.  Ridgway  breeding  abundantly  on  the  eastern  slope.    It 
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is  found  all  over  the  mountains,  and  in  fall  crosses  the  range,  and  is  fonud  bnt  little 
less  abundantly  in  Southern  California. 

Note. — The  2Zonotrichia  Uucophrys,  though  not  noted  by  us,  doubtless  occurs  mingled 
with  flocks  of  the  above  bird,  especially  as  it  was  found  by  us  in  Southern  California. 

19.  Zonoirichia  coronata  (Pall.). — Golden-crowned  Sparrow. 

The  great  mass  of  these  sparrows,  in  their  journey  southward,  keeps  on  the  western 
slope  of  the  Sierras.  It  occurs,  too,  along  the  eastern  spurs  in  fall,  but,  comparatively 
speaking,  in  very  small  numbers. 

20.  Passerella  iliaca  (Merr),  var.  megaryncha  Bd. — Thick-billed  Sparrow. 

This  appears  to  be  the  only  Passerella  occurring  along  the  eastern  slope,  where  it  is 
numerous  in  summer  and  fall,  and  where  I  believe  it  is  resident. 

In  a  recent  report  (1876)  I  was  led  to  combine  the  present  bird  with  P.  schistacea, 
separating  them  from  the  P.  townsendi  and  iliaca  mainly  on  the  strength  of  the  differ- 
ent proportions.  Subsequent  examination,  however,  has  convinced  me  that  the  genus 
is  represented  by  but  one  species,  and  that  the  three  western  forms,  townsendi,  schistacea, 
and  megaryncha  are  but  varieties  of  one  and  the  same  species.  These  under  different  con- 
ditions of  climate  have  become  more  or  less  differentiated  from  the  original  type  till  they 
represent  well-marked  geographical  races,  the  intergradation  of  which  with  each  other 
and  with  iliaca  it  is  perfectly  possible  to  show.  As  noticed  in  an  earlier  part  of  this  re- 
port, all  specimens  of  the  variety  megaryncha  from  the  eastern  slope  of  the  Sierras  show 
very  decided  intermediate  characters  between  the  extreme  condition  this  form  assumes 
in  the  Coast  Range  and  the  P.  schistacea  from  the  interior,  a  fact  to  be  expected  from  the 
half-way  position  of  the  region.  A  series  connecting  the  two  may  very  readily  be 
formed.  An  examination  of  the  material  in  the  Smithsonian,  much  of  which  was  col- 
lected by  the  expedition,  enables  us  to  speak  with  equal  confidence  of  the  close  rela- 
tionship existing  between  schistacea  and  townsendi.  Specimens  connecting  the  two  in 
a  very  complete  chain  may  easily  be  selected.  Hitherto  no  specimens  intermediate 
between  iliaca  and  townsendi  have  been  met  with,  and  though  the  differences  separat- 
ing them  have  been  chiefly  modifications  of  color  only,  differences  of  degree  of  intensity 
and  not  of  pattern,  this  has  been  deemed  sufficient  to  keep  them  apart. 

It  will  be  remembered  that  the  habitats  of  the  two  are,  in  the  northwest,  in  close 
juxtaposition  to  each  other,  iliaca  being  one  of  quite  a  number  of  eastern  birds  that 
in  the  north  find  their  way  across  the  continent  and  reach  Alaska.  Townsendi,  with  its 
summer  home  in  the  northern  portion  of  the  Pacific  province,  also  reaches  Alaska,  and 
it  is  probable  that  here  the  two  forms  come  together.  At  all  events,  a  series  of  sixteen 
specimens  collected  by  the  expedition  in  California,  in  1875,  presents  unquestionable 
evidence  of  the  intergradation  of  the  two.  Of  these  I  do  not  find  one  which  compares 
exactly  with  the  usual  style  of  townsendi,  as  it  appears  in  specimens  from  Kodiak, 
Sitka,  etc.  The  one  extreme  of  this  series  exhibits  quite  a  close  approach  to  the  dark 
olive-brown  of  townsendi,  with  its  unstreaked  dorsum  ;  the  other  in  its  light  condition 
quite  suggests  the  ferruginous  style  of  coloration  of  iliaca  :  such  specimens  have  the 
back  obsoletely  streaked.  One  other  specimen  from  California  in  the  Institution  so 
closely  approaches  iliaca  that  it  was  so  labeled,  and  supposed  in  the  absence  of  others 
showing  its  true  relation  to  be  a  straggler  of  this  species.  In  connection  with  the 
above  suite  its  position  as  one  of  the  series  showing  the  intergradation  of  the  two 
forms  is  readily  seen. 

The  following  measurements  illustrate  the  relations,  in  size,  the  four  forms  bear  to 
each  other : 

P.  iliaca:   Wing,  3.40;  tail,  3.07;  bill,  .32;  tarsus,  .93;  (average  often  specimens.) 

P.  townsendi:  Wing,  3.20  ;  tail,  3.15;  bill, .49;  tarsus,  .94  ;  (average  of  tweuty-three 
specimens.) 

P.  schistacea :  Wing,  3.13;  tail,  3.37;  bill,  .44;  tarsus,  .91 ;  (average  of  nine  speci- 
mens.) 

P.  megaryncha:  Wing,  3.21;  tail,  3.58;  bill,  .51 ;  tarsus,  .93;  (average  of  eight  speci- 
mens.) 

As  will  be  seen  from  the  above  measurements,  schistacea  and  megaryncha  agree  in 
having  the  tail  considerably  in  excess  of  the  wing;  while  in  iliaca aud  townsendi  the 
wing  exceeds  the  tail.  In  townsendi}  however,  this  discrepancy  in  favor  of  the  wing  is 
very  slight,  and,  indeed,  in  some  few  specimens  the  two  are  equal,  or  the  tail  may  even 
be  slightly  in  excess  of  the  wing.  It  would  appear,  therefore,  that  iu  respect  to  the 
relative  size  of  these  parts,  townsendi  indicates  the  first  step  in  the  variation,  which  is 
seen  to  be  more  marked  in  schistacea,  and  to  find  the  limit  in  megaryncha. 

One  unexpected  fact  shown  by  these  measurements  is,  that  not  only  does  an  increase 
in  length  of  tail  take  place  in  the  three  westeu  varieties,  a  variation  shown  in  other 
species,  whose  habitat  extends  from  the  eastern  into  the  western  province,  but  a  de- 
crease in  size  of  wing.     The  different  proportions  which  ensue  come,  then,  from  two 
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causes :  first,  actual  increase  in  the  length  of  the  tail ;  second,  actual  decrease  in  the 
length  of  the  wing. 
By  the  above  arrangement  the  four  forms  will  stand  as  follows : 

Passerella  iliaoa  (Merr.). — Habitat :  Eastern  province  of  North  America ;  breeds  from 
British  America  northward,  across  to  month  of  Yonkon.  In  migrations  to  eastern  edge 
of  great  plains;  occasional  in  spring  in  Colorado  (Maxwell)  fide  Ridgway. 

Pa$8erellailiacat  var.  whietacea  Bd. — Habitat :  Middle  province ;  restricted  by  western 
edge  of  plains  and  eastern  slope  of  Sierras ;  an  occasional  straggler  in  Kansas  and  Cali- 
fornia in  fall. 

Pauerella  iliaoa,  var.  townsendi  (And.). — Habitat:  Pacific  province;  breeds  in  north- 
ern Sierras ;  Southern  California  in  winter ;  confined  to  western  slope  of  Sierras. 

Paaserella  iliaca,  var.  megaryncha  Bd. — Habitat :  Southern  Sierras,  eastern  as  well  as 
western  slope ;  probably  a  resident  species. 

21.  Pipilo  maculatus  (Sw.),  var.  megalonyz  Bell. — Long-spurred  Towhee. 

I  saw  but  few  Pipilos,  and  these  on  the  brushy  foot-hills,  or  in  the  chaparral  of  the 
mountain  sides.  They  were  extremely  shy,  so  much  so  that  I  failed  to  secure  speci- 
mens. They  were  doubtless  of  the  above  variety,  as  the  variety  oreganus  is  a  more 
northern  form. 

22.  Pipilo  chlorurua  (Towns.).— Green-tailed  Finch. 

Not  uncommon  in  October;  probably  rather  numerous  in  summer. 

ICTERHXE. 

23.  SooleoopKoguB  cyanooepkalu$  (Wagl.). — Brewer's  Blackbird. 

Rather  numerous  during  the  fall  months  on  the  borders  of  Lake  Tahoe. 

CORVHXE. 

24.  Corvui  oorax  L. — Raven. 

Not  nearly  so  common  in  the  mountains  as  in  the  valleys  below. 

25.  Picioorvua  oolumbianu*  (Wils.).— Clarke's  Crow. 

A  very  abundant  resident  throughout  the  pine-region,  appearing  to  live  exclusively 
upon  the  pine-seeds. 

26.  Pica  melanoleuoa  L.,  var.  hudsonioa  (Sab.). — American  Magpie. 

As  notioed  in  the  previous  list,  scarcely  reaching  into  the  mountains,  and  but  few 
were  seen  on  the  immediate  borders  of  Lake  Tahoe. 

27.  Cyanura  sUlleri  Gm.,  var.  frontalis  Ridg. — Blue-fronted  Jay. 

Very  abundant  on  the  eastern  slope,  here  replacing  the  var.  macrolopha  of  the  Rooky 
Mountains.    A  permanent  resident. 

TYRANNID.E. 

28.  Empidonax  kammondi  (Xantus). — Hammond's  Fly-catcher. 

This  was  the  sole  representative  of  the  family  noted  by  us  in  the  mountains.  It 
probably  is  not  uncommon  as  a  summer  resident. 

GAPRIMULGIIXE. 

29.  Antrostomu*  nuttalli  (Aud.). — NuttalFs  Poorwill. 

Not  uncommon  in  fall  in  the  shrubbery  of  the  open  mountain  sides,  but  avoids  the 
pine-woods. 

TROCHILID-fi. 

30.  Selasphorus  rufus  (Gm.); — Rufous-backed  Humming-bird. 

The  only  humming-bird  seen  by  us  in  the  mountains.  Very  numerous  in  September 
and  the  first  of  October. 

An  unaccountable  fact  to  us  in  connection  with  the  present  bird  is  the  apparent  ab- 
sence of  all  adult  males  in  the  fall  from  localities  and  regions  where  the  young  and  fe- 
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males  abound.  In  the  fall  of  1875,  while  in  Southern  California,  we  failed  to  find  a 
single  adult  male  in  the  valleys,  although  the  species  was  very  numerously  represented 
by  adults  of  the  other  sex  and  by  the  young.  The  absence  of  the  males  was  attributed 
to  the  fact  of  their  having  found  their  way  into  the  mountains,  though  this  seemed  a 
hardly  adequate  explanation.  The  experience  of  the  past  season  was  but  a  repetition 
of  that  of  the  previous  year,  except  that  our  ground  of  observation  was  exchanged  for 
the  mountains.  Where  females  and  young  were  to  be  seen  by  scores,  a  most  careful 
search  failed  to  discover  a  single  adult  male. 

Mr.  Ridgway,  we  learn,  had  a  similar  experience  in  fall  along  the  eastern  slope,  and 
was  equally  at  a  loss  to  understand  whither  the  males  had  betaken  themselves. 

ALCEDINID-ffi. 

31.  CeryU  alcyon  (L.). — Belted  Kingfisher. 

Present  on  the  shores  of  Lake  Tahoe  in  small  numbers,  as  on  the  small  streams. 

PICIDiE. 

32.  Picus  alboJurvatus  (Cass). — White-headed  Woodpecker. 

Numerous  in  the  pine- woods,  to  which  it  striotly  confines  itself,  and  where  it  is 
resident. 

33.  Picua  villoma  (L.),  var.  harriaii  And.— Harris's  Woodpecker. 

Perhaps  the  most  numerously  represented  in  the  mountains  of  any  of  the  family 
where  resident,  but  not  confining  itself  so  closely  to  the  pineries  as  the  preceding  bird. 

4 

34.  Piooidea  arcticua  (Sw.). — Arctic  Woodpecker. 

This  species  appears  to  be  of  rather  common  occurrence  about  Lake  Tahoe,  where  I 
saw  it  occasionally  in  September,  October,  and  November.  It,  without  doubt,  breeds 
here. 

35.  Sphyrapicus  ruber  (Gm.). — Red-breasted  Woodpecker. 

Apparently  not  very  common.    Probably  a  few  breed  along  the  eastern  slope. 

36.  Sphyrapicu$  tkyroideua  (Cass). — Brown-headed  Woodpecker. 

Not  at  all  uncommon  in  the  pine-woods  about  Lake  Tahoe,  where  it  breeds  and  is  a 
constant  resident. 

37.  Jayndeamua  torquatua  (Wils.).— Lewis's  Woodpecker. 

I  saw  but  few  of  this  species.  It  is  probably  a  summer  resident,  and  does  not  winter 
in  the  region. 

38.  Colapiea  mexioanu*  (L.). 

Numerous ;  less  so,  however,  in  the  mountains  than  in  the  valleys  below. 

STRIGHXE. 

39.  Bubo  virginianu*  (Gm.),  var.  arcticua  (Sw.).— Western  Horned  Owl. 
Abundant ;  its  hooting  heard  at  every  camp. 

40.  Otua  vulgaris  (L.),  var.  wiUonianu*  (Less.). — Long-eared  Owl. 

Common  in  the  thickets  of  the  meadowy  lands  bordering  upon  Lake  Tahoe. 

FALCONIIXffi. 

41.  Faloo  communis  Gmel.,  var.  anatum  Bon. — Duck  Hawk. 

Met  with  frequently  in  early  fall.  Probably  this  species  leaves  the  mountains  when 
severe  weather  comes  on  and  winters  in  the  valleys.  At  all  events  it  becomes  quite 
common  in  the  lower  regions  in  November. 

42.  Pandion  halUxtua  L.,  var.  carolinmsti  Gmel. — Fish  Hawk. 
Rather  rare ;  one  or  two  seen  about  Lake  Tahoe. 
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43.  Circus  cyaneus  L.,  var.  hudsonius  L. — Marsh  Hawk. 

Present  in  the  meadows  through  the  mountains,  and  though  not  nearly  so  numerous 
as  below,  it  is  still  common. 

44.  Buteo  boreali8  (Gmel.),  var.  oalurm  Cass. — Western  Red-tailed  Hawk.  , 

Abundant.  With  this  hawk,  as  is  the  case  with  most  of  the  species,  a  change  of  hab- 
itat is  made  necessary  in  the  late  fall,  when  snow  and  severe  weather  cause  the  disap- 
pearance of  the  small  mammals,  reptiles,  and  other  game  upon  which  it  preys.  They 
then  move  down  into  the  valleys  and  remain  about  the  lakes,  where  not  only  are  found 
an  abundance  of  water  fowl,  but  where  the  marshes  afford  them  an  unfailing  supply  of 
certain  small  rodents  through  the  season. 

45.  Archibuteo  lagopus  (B rutin.),  var.  sancti-johannis. — Rough-legged  Buzzard. 

Very  numerous.  In  early  November,  in  a  meadow  of  considerable  size  not  far  from 
Lake  Tahoe,  I  found  that  scores  of  this  hawk  had  congregated.  From  one  to  half  a 
dozen  were  visible  at  any  hour  of  the  day,  sweeping  with  heavy  wing  over  the  surface 
of  the  turfy  ground,  and  now  and  then  dropping  with  almost  certain  aim  npon  one  of 
the  small  Meadow  Rats  (Arvicola  riparius)  whose  excavations  honeycombed  the  ground 
in  all  directions,  and  whose  immense  numbers  accounted  for  the  nnusual  abundance  of 
the  hawks  at  this  one  locality. 

46.  Jquila  chrysaetus  (L.) — Golden  Eagle. 

Apparently  rather  more  numerous  in  this  region  than  the  succeeding  bird. 

47.  Halicetus  lencocephalus  (L.) — Bald  Eagle. 

Rather  rare.  In  fact  eagles  are  rarely  abundant  in  any  portion  of  the  west  which 
I  have  visited,  and  the  sight  of  one  is  an  event  of  sufficiently  unusual  occurrence  to 
attract  the  attention  and  elicit  comment  from  the  most  uu observant  of  a  party.  The 
white-headed  is  much  more  numerous  as  an  inhabitant  of  either  coast  than  as  a  bird 
of  the  interior. 

TETRAONID.E. 

48.  Canace  obscurus  (Say.)— Dusky  Grouse. 

The  whole  pine-timbered  region  lying  along  the  eastern  slope  of  the  Sierras  west 
of  the  Carson  Valley,  was  formerly  the  home  of  very  great  numbers  of  this  fine  bird. 
Some  of  the  stories  told  by  the  early  settlers  of  its  abundance  are  almost  incredible. 

The  sound  of  the  woodman's  axe  is  followed  by  the  almost  complete  abandonment  of 
a  locality,  and  chiefly  from  this  cause  and  from  the  persecution  they  have  been  subjected 
to  at  the  hands  of  the  settlers  and  the  Indians,  the  localities  are  very  few  where  the 
grouse  still  exist  in  abundance.  The  steep  sides  of  many  of  the  deep  canons  have 
proved  inaccessible  to  the  lumberman,  and  still  retain  the  primeval  growth  of  forest. 
Here  the  grouse  still  maintain  their  foot-hold,  and  will  continue  to  do  so  long  after  the 
surrounding  country  has  been  swept  bare  of  woods. 

PERDICID.E. 

49.  Oreortyx pictus  (Dougl.) — Plumed  Partridge;  Mountain  Quail. 

This  beautiful  bird  ranges  from  the  coast  across  the  mountains,  and  is  found  along 
the  eastern  slope,  where,  at  an  elevation  of  about  6,000  feet,  it  is  quite  abundant.  As 
noticed  before,  it  reaches  the  lower  foot-hills,  but  in  very  much  diminished  numbers. 
Usually  a  resident  bird  wherever  found ;  the  only  effect  winter  has  upon  their  range 
is  to  cause  them  to  abandon  the  higher  elevations  occupied  in  summer,  and  to  appear 
farther  dowu  upon  the  mountain-sides. 

The  mountains  of  this  whole  region  lying  about  Lake  Tahoe  seem  to  be  entirely 
abandoned  by  the  species  in  winter,  and  a  very  complete  migration  takes  place  during 
the  late  fall.  The  flocks  then  pass  not  to  the  South,  but  westward,  and  winter  upon 
the  western  slopes  of  the  mountains,  descending  to  a  greater  or  less  distance  toward 
the  foot-hills,  according  to  the  depth  of  snow,  the  severity  of  the  weather,  &c.  Suoh 
at  least  is  the  explanation  offered  by  the  hunters  and  residents  for  their  disappearance 
about  November  from  this  section,  where  earlier  they  are  very  abundant,  aud  which 
I  have  every  reason  to  believe  is  the  true  one.  Those  living  in  summer  on  the  low  foot- 
hills about  Carson  remain  to  winter.  But  those  whose  summer  habitat  is  higher  up 
in  the  mountains  proper  thus  make  a  short  migration  to  a  region  better  adapted  to 
their  wants. 

The  snow  upon  tue  eastern  slope  falls  to  a  great  depth,  and  the  winter  is  very  severe, 
much  more  so  than  on  the  western  side — facts  which  appear  to  have  been  thoroughly 
acquired  by  experience  by  these  birds,  till  the  habit  of  migration  in  anticipation  fk 
winter  has  become  a  fixed  and. constant  one. 
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SCOLOPACID.E. 

50.  Gallinago  witeonii  (Temm.) — Wilson's  Snipe. 

But  a  single  one  of  this  species  was  seen ;  this  in  a  meadowy  spot  on  the  border  of 
Tahoe  in  October. 

ARDEID.E. 

51.  Ardea  herodias  L. — Great  Bine  Heron. 
Common  about  Lake  Tahoe. 

52.  Botaurus  minor  Gm. — Bittern. 
Numerous  on  Lake  Tahoe. 

RALLID.E. 

53.  Ballus  virginianus  L. — Virginia  Rail. 
Saw  but  one,  in  a  marsh  near  Lake  Tahoe. 

54.  Fulica  americana  Gm. — Coot. 

Extremely  abundant  in  October  and  November  about  and  on  the  lake. 

ANATID.E. 

55.  Anser  hypfrboreus  Pall. — Snow  Goose. 

Appears  from  the  north  in  flocks  in  October,  and  sometimes  make  use  of  the  lake  as 
a  temporary  stopping-place. 

56.  Branta  canadensis  (L.) — Canada  Goose. 

Passes  over  the  lake  in  great  flocks,  but  less  often  rests  here. 

57.  Anas  boschas  L. — Mallard. 

Numerous  in  fall.  This  species  appears  to  breed  regularly  in  the  little  ponds  and 
lakelets  that  abound  in  the  mountains,  and  two  or  three  flocks,  each  a  little  family 
group,  will  often  be  encountered  in  such  places  in  fall  ere  they  have  started  out  in 
search  of  winter  quarters. 

58.  Mareca  americana  Gm. — Baldpate. 
Also  occurring  in  fall. 

59.  Querquedula  carolinensis  (Gm.) — Green- winged  Seal. 

The  only  teal  I  saw  about  the  lake.    This  species  is  rather  numerous. 

60.  Spatula  clypeata  (L.) — Shoveller. 

Probably  breeds  abont  the  lake,  but  only  in  small  numbers. 

61.  Fuligula  collaris  (Donovan.) — Ring-necked  Duck. 

In  small  numbers  in  fall ;  probably  summers  in  the  marshes  of  the  lake. 

62.  Oedemia 1 

One  of  the  large  Sea  Ducks  occurs  here  in  fall,  and  I  saw  several  off  the  shores  of 
the  lake ;  the  species  I  was  unable  to  determine  satisfactorily. 

63.  Mergus  serrator,  L.— Red-breasted  Merganser. 
A  few  seen  on  the  lake  in  October. 

PELECANIDiE. 

64.  Pelecanus  trachyrynchus  Lath. — White  Pelican. 
Occasionally  a  flock  strays  on  to  the  waters  of  the  lake  in  fall. 
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GRACULIDJE. 

65.  Graoulus  dilophue  (Sw.  ^Double-crested  Cormorant. 

A  few  of  this  species  are  said  to  pass  the  summer  on  the  lake,  where,  however,  they 
do  not  breed.  They  appear  to  leave  the  lake  early  in  October,  and  I  saw  none  at  the 
time  of  my  visit.    Mr.  Ridgway  has  identified  the  form  from  this  region  as  the  above 

LARIDJS. 

•66.  Larue  delawareneie  Ord. — Ring-billed  Gull. 

I  shot  a  single  immature  gull  on  Lake  Tahoe,  November  1,  whioh  I  refer  with  but 
little  doubt  to  this  species.  I  am  unable  to  state  the  numerical  proportion  which  this 
bird  bears  to  the  next  in  this  region  during  the  late  fall.  According  to  Mr.  Ridgway 
it  should  replace  entirely  in  winter  the  next  species. 

67.  Larue  caltfomioue  Lawr. — Californian  Gull. 

Of  five  gulls  shot  on  Tahoe,  about  November  1,  four  appear  to  belong  to  this  spe- 
oiee.    They  unquestionably  winter  here. 

COLYMBIDiE. 

68.  Colymbus  iorquatue  Brunn. — Great  Northern  Diver. 

I  saw  a  number  of  specimens  in  possession  of  Mr.  McKinney,  which  he  had  shot  on 
the  lake  in  fall.    They  do  not  appear  to  be  very  numerous. 

-69.  Podioepe  auritus  (L.),  var.  oaltfornicus  (Heerm.)— American  Eared  Grebe. 

Very  numerous  all  along  the  borders  of  Tahoe  in  fall.  So  utterly  fearless  and  unso- 
phisticated are  they  that  they  swim  about  the  wharves,  utterly  regardless  of  the  pres- 
ence of  humans  but  a  dozen  or  twenty  feet  away. 
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report  upon  the  hemiptera  collected  during  the  tears  1874  and  1875,  bt 

mr.  p.  r.  uhler. 

Pbabodt  Institute,  Baltimore,  Md., 

March  24,  1 877. 

Sir  :  I  have  the  honor  to  transmit  the  following  report  upon  the  Hemiptera  collected 
by  the  expedition  during  the  years  1874  and  1875. 
Very  respectfully,  your  obedient  servant, 

P.  R.  Uhucr. 
Lieut.  Geo.  M.  Wheeler, 

Corpe  of  Engineers,  in  charge. 


E.  alternatue. 


fiETEROPTERA. 

Subfamily  EURYGASTRINJE. 
Eurygaeter,  Lap. 


Tetyra  alternate,  Say  ;  Amer.  Ent.  ill.  tab.  43,  fig.  3. 

EurygatUr  aUernalus,  Dallae;  Brit.  Mas.  LUt.  Hemipt.  i,  p.  47,  No.  1. 


San  Ildefonso,  N.  Mex..  September,  1874.  collected  by  Dr.  H.  C.  Yarrow ;  also,  near 
Colorado  River,  California,  July  20,  by  William  Somen. 
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Subfamily  ASOPIN-E. 

Perillus,  8tal. 

1.  P.  claudus. 

Pentatoma  daitda,  Say ;  Jonrn.  Acad.  Philad.  iv,  p.  318,  No.  S. 

San  Ildefonso,  N.  Mex.,  in  August,  Dr.  Yarrow  and  Mr.  Shedd ;  also,  Abiquiu,  N. 
Mex.,  in  September,  and  on  the  foot-hills  and  plains  of  that  Territory  in  October,  by 
Dr.  O.  Loew.    Also,  near  the  Mojave  River,  California,  in  July,  Dr.  O.  Loew. 

2.  P.  iplendidus. 

Zicrona  epUndida,  TTfaler;  Proc.  Ent  Soc.  Philad.  1663,  p.  SS. 

Found  at  Santa  Barbara,  Cal.,  in  July,  by  Mr.  Shoemaker,  and  in  Southern  Califor- 
nia, by  Mr.  Henshaw. 

Zicrona,  Am.  et  Serv. 
Z.  ouprea. 

Zicrona  cuprea,  Dallas ;  Brit.  Mas.  List  I,  p.  106,  No.  S. 

Southern  Colorado,  in  June,  Lieut.  W.  L.  Carpenter. 

Subfamily  HALTDINA. 

Brochymena,  Am.  et.  Serv. 
B.  obicura. 

Halyg  obecura,  H.  Schf. ;  Wans.  Ins.  v,  p.  68,  fig.  513. 

From  Pueblo,  Colo.,  in  July,  Mr.  Wilkius;  also  San  Ildefonso,  N.  Mex.,  August  17, 
Dr.  O.  Loew. 

Prionosoma,  Uhler. 
P.  podopioides. 

Prionosoma  podopioidet,  Uhler ;  Proo.  Ent.  Soo.  Philad.  1863,  voL  ii,  p.  364. 
From  Santa  Barbara,  Cal.    Collected  by  Dr.  Loew. 

Subfamily  PENTATOMINA. 

Euschistus,  Dallas. 

1.  E.  crenator. 

'Oimex  erenator.  Fab ;  Ent.  Syst.  lv,  p.  101,  No.  87. 
Pentatoma  obteura,  Palisot-Beaav ;  Ins.  Air.  et  Amor.,  p.  149,  pi.  10,  fig.  7. 

Collected  at  Santa  Barbara,  Cal.,  in  July,  by  H.  W.  Henshaw. 

2.  E,  impioHventrU. 

Eutektttut  impictiventris,  Stal;  En  am.  Hemipt.  ii,  p.  26,  No.  SI. 
From  San  Ildefonso,  N.  Mex.,  in  August,  Mr.  Shedd. 

3.  E.  ft$$iU$. 

Eutehietut  JUsUii,  Uhler ;  In  U.  S.  GeoL  Surv.  of  Montana  1871,  p.  396,  No.  1. 
Colleoted  in  Southern  Colorado,  June-July,  by  Lieut.  W.  L.  Carpenter. 

4.  E.  ierous. 

m 

Pentatoma  serva.  Say;  Heteropt.  New  Harmony,  p.  4,  No.  5. 
Eutehietut  eerous,  8 til;  Enum.  Hemipt.  ii,  p.  96,  No.  19. 

From  San  Ildefonso.    Collected  by  Dr.  H.  C.  Yarrow. 

Chlorochroa,  Stal. 
1.  C.  ligata. 

Pentatoma  ligata,  Say;  Heteropt.  New  Harmony,  p.  5,  No.  6. 

From  Camp  Lowell,  Ariz.,  September  9,  by  Mr.  Johnson. 
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2.  C.  Sayi. 

Ohlorochroa  Sayi,  St&l;  Ennm.  Hemipt  ii,  p.  33,  No.  6. 

Pentatoma  granulosa,  Uhler ;  U.  S.  Geolog.  Survey  of  Montana  1871,  p.  398. 

Collected  at  San  Ildefonso,  N.  Mex.,  in  July  and  August,  by  Dr.  H.  C.  Yarrow ;  also 
in  August,  by  Mr.  Shedd ;  in  Southern  Arizona,  by  H.  W.  Henshaw ;  at  Tierra  Ama- 
rilla,  N.  Mex.,  September  15;  at  the  San  Juan  River  in  New  Mexico,  by  Mr.  Browne, 
and  on  the  plains  and  foot-hills  of  Northern  New  Mexico,  in  October. 

Thyanta,  Stal. 

1.  T.  rugulosa. 

Pentatoma  rngtUota,  Say ;  Heteropt.  New  Harmony,  p.  7,  No.  16. 
From  Southern  Colorado,  in  October. 

2.  T.  perdiior. 

Oinex  perditor.  Fab. :  Ent.  Syat,  vol.  iv,  p.  102,  No.  90. 
Thyanta  perditor,  St&l;  Hemipt.  Fabr.,  vol.  i,  p.  39. 

Obtained  at  Camp  Bowie,  Ariz.,  August  1,  by  Mr.  Rutter ;  at  Santa  Fe\  N.  Mex.,  in 
June,  by  H.  W.  Henshaw ;  above  timber-line  in  New  Mexico,  by  Lieut.  W.  I*.  Carpen- 
ter ;  and  in  the  Mojave  desert,  July,  by  G.  Thompson. 

Murganlia,  Stal. 
M.  histrionica. 

Strachia  histrionica,  Hahn ;  Wans.  Ins.,  vol.  ii,  p.  116,  fig.  196. 
MurganUa  histrionica,  St&l ;  Ennm.  Hemipt.  ii,  p.  37,  No.  4. 

Inhabits  Plaza  del  Alcade,  Arizona,  in  August,  collected  by  Dr.  H.  C.  Yarrow ;  Cave 
Spring,  Arizona,  July,  H.  W.  Henshaw ;  Pueblo  and  San  Ildefonso,  N.  Mex.,  Dr.  H.  C. 
Yarrow ;  New  Mexico,  in  September,  by  S.  Bedell,  and  Northern  New  Mexico,  on  the 
plain*  and  foot-hills. 

Banasa,  Stal. 

B.  sordida. 

Atomotira  sordida,  Uhler;  Proa  Boston  Soo.  Nat.  Hist.  1871,  p.  6. 

Originally  obtained  in  Cambridge,  Mass.  The  present  specimen  is  from  Tierra  Ama- 
rilla,  N.  Mex.,  collected  in  July  by  Mr.  Shedd.  This  is  the  first  record  of  the  occur- 
rence of  this  insect  in  the  region  west  of.  the  Mississippi  Valley. 

Acanthosoma,  Curtis. 
J.  cruciata. 

Edessa  cruciata,  Say;  Heteropt.  New  Harmony,  p.  8,  No.  1. 

Belongs  to  the  regions  north  of  the  United  States,  but  the  specimens  here  reported 
were  obtained  at  Abiquiu,  N.  Mex.,  by  Dr.  O.  Loew. 

Family  COREID^S. 

Subfamily  COREINA. 

Marcus,  Dallas. 
M.  incompicuus. 

Syromastes  iaconspicuus,  H.  Scbf. ;  Wanz.  Ins.,  vol.  vi,  p.  14,  fig.  570. 

Obtained  at  San  Ildefonso,  August  17,  by  Mr.  Shedd,  and  by  Dr.  H.  C.  Yarrow  ;  also 
in  Southern  Colorado,  June  5,  by  Lieut.  W.  L.  Carpenter.    . 

Chelinidea,  Uhler. 

C.  vittigera. 

Chelinidea  vittiger,  Uhler;  Proc.  Ent.  Soc.  Phila.,  yol.  ii,  p.  366. 
Collected  in  Northern  New  Mexico,  June-July,  by  Lieut.  W.  L.  Carpenter. 

Catoriiintiia,  Stal. 
C.  mendica. 

Oatorhintha  mendica,  St&l;  Ennm  Hemipt.,  vol.  1,  p.  187,  No.  2. 

Collected  by  Lieut.  W.  L.  Carpenter,  in  Southern  Colorado,  June  5  to  July  5. 


A.  truth. 
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Anasa,  Amyot  et  Serv. 


Oinux  tristis,  De  Geer;  Mem   ill,  p.  340,  pi.  34,  fig.  SO. 
Anasa  tristis,  Stal ;  Hemipt.  F»br.  l,  p.  56,  No.  3. 

Collected  at  Colorado  Springs,  Colo.,  in  July,  and  at  San  Ildefonso,  N.  Mez  ,  io  Au- 
gust, by  Dr.  H.  C.  Yarrow ;  Southern  Colorado,  June,  Leut.  W.  L.  Carpenter. 

Subfamily  ALYDINA. 

Stachyocnemus,  Stal. 
8.  apicalis. 

Alydus  apicalis,  Dallas;  Brit  Mas.  List  II,  p.  479. 
Stachyocnemus  apicalis,  Stal ;  Saanu  Hemipt.  i,  p.  215. 

„  From  the  foot-hills  and  plains  of  New  Mexico,  in  October,  by  Lieut.  W.  L.  Carpen- 
ter. 

Subfamily  MICTINA. 

Pachylis,  St.  Farg. 
P.  gigas. 

PachyUs  gigas,  Barm. ;  Handb.  der  Bat.  ii,  p.  338,  No.  3. 
Collected  at  the  Bowie  Agency,  Ariz.,  August  15,  by  Mr.  Johnson. 

Subfamily  ANISOSCELIDINA. 

Leptoglossus,  Gner. 
1.  L.  cor  cuius. 

Anisosedis  eorculus,  Say ;  Heteropt.  New  Harmony,  p.  18,  No.  1. 

From  Tierra  Amarilla,  N.  Mez.,  July,  collected  by  Mr.  Shedd ;  and  from  Arizona,  by 
Mr.  Rutter. 

Narnia,  Stal. 
N.  fcmorata. 

Narnia  femorata,  Stal;  Stettin.  Ent  Zeit  xxiii,  p.  296,  No.  154.   St&l.  Enum.  Hemipt,  vol  i,  p. 
186,  No.  1. 

Collected  at  Camp  Lowell,  Ariz.,  August  23,  by  Mr.  Henshaw. 

Subfamily  BERYTINA. 

Neides,  Latr. 
N.  spinosus. 

Bsrytus  spinosus.  Say ;  Amer.  Ent.,  toL  i,  pL  14. 
From  Pueblo,  Colo.,  collected  by  Dr.  H.  C.  Yarrow. 

Subfamily  PSEUDOPHLCEINA. 

DASYCORIS. 

D.  humilis. 

Datycoris  humilis,  TJbler;  U.  S.  Geological  Survey  of  Montana,  1871,  p.  403. 
Obtained  at  Colorado  Springs,  Colo.,  in  July,  by  Dr.  Yarrow. 

Subfamily  RHOPALINA. 

Corizus,  Fallen. 

1.  C.  Sidce. 

Lygctus sides,  Fab;  Ent  Syat  iv,  p.  169,  No.  116. 

Oorigus  sides,  Signoret ;  Ann.  Soc.  Eat  France,  ser.  3,  vii,  p.  95,  No.  32. 

Collected  near  theMojave  River,  California,  io  July,  Dr.  O.  Loew ;  also  in  the  vicinity 
of  the  Colorado  River,  California,  July  20,  by  W.  Somers. 

2.  C.  hyalinu8. 

Lygctus  hyalinus,  Fab ;  Ent  Svst.  iv,  p.  168.  No.  115. 
Corizus  hyaiinus,  Stal;  Hem.  tfabr.  1,  p.  68,  No.  S. 

From  Taos,  N.  Mez.,  in  August,  by  Mr.  Shedd ;  from  Pueblo,  Colo.,  in  July,  by  Dr. 
Yarrow ;  and  from  Santa  Fe*,  N.  Mez.,  June,  Mr.  Henshaw. 


1326        REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

Leptocoris,  Kahn. 
L.  trivittatus, 

Lygceus  trivittatus,  Say ;  Jonrn.  Acad.  Philad.  It,  p.  328,  No.  S. 
Leptocoris  trivittatus,  Stal ;  Enum.  Hemipt.  i,  p.  396. 

From  Southern  Colorado,  July,  Lieut.  W.  L.  Carpenter. 

Family  LYGAEID&. 
Lygaeus,  Fab. 

1.  L.reclivaius. 

Lygaeus  reeUvatus,  Say ;  Jonrn.  Acad.  Philad.  iv,  p.  331,  No.  1. 

From  Southern  Arizona,  Mr.  Henshaw ;  San  Ddefonso,  N.  Mex.,  Dr.  Yarrow  and  Mr 
Shedd ;  Cave  Spring,  Ariz.,  July,  Mr.  Henshaw  ;  Pueblo,  Colo.,  July,  Dr.  Yarrow  and 
Mr.  Wilkin ;  Abiquiu,  N.  Mex.,  Dr.  O.  Loew ;  Mojave  Desert,  Cal.,  July,  and  near  Mojave 
River,  July,  Dr.  O.  Loew. 

2.  L.  costalis. 

Lygceus  costalis,  H.  Schf. ;  Wanz.  Ins.  vii,  p.  33,  fig.  706. 
Obtained  in  California. 

3.  L.  fasciatus. 

Lygceus  fasciatus,  Dallas ;  Brit.  Mns.,  Hemipt  11,  p.  538,  No.  17. 

Lygceus  aulicus,  H.  Schf;  Wanz.  Ins.  vl,  p.  76,  fig.  646.  / 

Common  in  the  Atlantio  region  south  of  Massachusetts;  also  in  Texas,  Mexico,  and 
the  West  Indies.  The  only  specimen  in  this  lot  was  collected  in  Southern  California, 
by  J.  A.  Hasson. 

Melanocoryphus,  Stal. 
M.  facetus. 

Lygceus  faeetus,  Say ;  Heteropt.  New  Harmony,  p.  13,  No.  8. 

From  the  plains  and  foot-hills  of  New  Mexico ;  June  to  October ;  collected  by  Lieut 
W.  L.  Carpenter. 

Melanopleurus,  Stal. 
M.  bistriangularis. 

Lygceus  bistriangularis,  Say ;  Heteropt.  New  Harmony,  p.  14,  No.  3. 
Melanopleurus  bistriangularis,  Stal;  Enum.  Hemipt.  iv,  p.  169. 

Collected  at  Camp  Bowie,  Arizona,  August  8,  by  Mr.  Albruiz. 

Nysius,  Dallas. 

1.  N.  angusiatus. 

Nysius  angusiatus,  Uhler;  United  States  Geological  Survey  of  Montana,  1871,  p.  408,  No.  3. 

Obtained  at  Pueblo,  Colo.,  in  July,  by  Dr.  Yarrow  and  Mr.  Wilkin;  at  Fort  Garland, 
in  July,  Mr.  Hunt. 

2.  N.  oaliforniciis. 

Nysius  cali/ornicus,  St&l ;  Eugenics  Res*,  Hemipt,  p.  343,  No.  56. 

Collected  in  New  Mexico,  in  September,  by  S.  Bedell ;  at  Fort  Garland,  in  Angast,  by 
Mr.  Shedd ;  July,  by  Dr.  Yurrow,  and  in  Southern  California,  June-July,  by  H.  W 
Henshaw. 

I8CHNORHYNCHUS,  Fieb. 

J.  didymus. 

Lygceus  didymus,  Zett;  Vet.  Akad.  Hsndl.  1819,  p.  71,  No.  30. 
Cymus  FraneUeanus,  Stal ;  Eugenie*  Resa»j>.  353,  No.  84. 
Jsehnorhynehus  didymus,  Fieber ;  Enrop.  Hemipt.,  p.  199. 

Southern  Colorado,  Dr.  H.  C.  Yarrow. 


Geocoris,  Fallen. 
1.  G.  pollens, 

Geocoris  pollens,  Stal ;  Engenies  Resa,  p.  350. 
From  the  Mojave  region,  California,  in  July,  Dr.  Loew. 
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2.  Q.  bullatus. 

Salda  buUata,  Say  ;lHeteropt.  New  Harmony,  p.  18,  No.  8. 
Ophthalmicus  boreaUs,  Dallas ;  Brit  Mas.  List,  ii,  p.  585,  No.  8. 

A  specimen  from  Pneblo,  Colo.,  collected  by  Dr.  Yarrow ;  and  a  pale  variety  was 
obtained  above  timber-line  in  New  Mexico,  by  Lieutenant  Carpenter. 

Ligyrocoris,  St&l. 
L,  constrict**. 

Pamera  constricta.  Say ;  Hetempt.  New  Harmony,  p.  15,  No.  1. 
Beosus  abdominahs,  GFuer ;  La  Sagra  Hist,  de  Cuba,  Ins.,  p.  397. 

Southern  Colorado,  June  and  July,  Lieut.  W.  L.  Carpenter. 

Myodocha,  Latr. 
M.  serripe*. 

Myodochus  serripss,  Oliv;  Encyc  Method.,  riii,  p.  106. 
Myodocha  petiolata,  Say ;  Heteropt.  New  Harmony,  p.  19. 

From  New  Mexico,  August  23,  by  Dr.  H.  C.  Yarrow. 

Trapkzonotgs,  Fieb. 
2.  nebulo8U8. 

Lygcsus  nebulosus,  Fallen ;  Mon.  Cim„  p.  65,  No.  7. 
Pamera  faUax,  Say;  Heteropt.  New  Harmony,  p.  17,  No.  6. 
Trapezonotus  rubuiosus,  Fieber ;  Ear.  Hemipt.,  p.  190. 

From  Southern  Colorado,  June-July,  Lieut.  W.  L.  Carpenter ;  also  found  above  tim- 
ber-line in  New  Mexico  by  the  same  gentleman. 

PERITRECHU8,  Fieb. 
P.  Fraternus. 

PerUrechusfraUrnus,  Uhler;  Boston  Soc.  Nat.  Hist  Proc.,  1871,  p.  11. 
From  Tierra  Am ar ilia,  N.  Mex.,  in  July,  collected  by  Mr.  Shedd. 

Subfamily  LARGINA. 

Larous,  Hahn. 
X.  cinctus. 

Largus  cinctus,  H.  Sohf. ;  Wans.  Ins.,  vol.  vii,  p.  6,  fig.  683. 

From  Sienaga,  Ariz.,  August  23,  by  Mr.  Rutter ;  from  Southern  California,  by  Mr.  J. 
A.  Hasson ;  Santa  Barbara,  Dr.  O.  Loew ;  Southern  Arizona,  August,  Mr.  Henshaw ; 
and  from  Camp  Lowell,  October  17,  by  Mr.  Ratter. 

Family  PHYTOCORIDiE. 

Minis,  Auctor. 
M.  inttabilis. 

Miris  instabUis, Uhler ;  Bulletin  U.  S.  Geolog.  Sarv.  of  the  Territories,  vol.  ii,  No.  5,  p.  50. 

A  very  common  insect  in  the  Atlantic  region  and  in  Texas.  The  present  specimen 
was  collected  above  timber-line,  in  New  Mexico,  by  Lieut.  W.  L.  Carpenter,  and  also 
in  Southern  Colorado,  in  July. 

Phytocoris,  Fallen. 
P.  nubilus. 

Oapsus  nubilus,  Say ;  Heteropt.  New  Harmony,  p.  33,  No.  10. 

From  near  Colorado  Creek,  New  Mexico,  July  18,  by  Lieut.  W.  L.  Carpenter. 

Lopidea,  Uhler. 
L.  media. 

Oapsus  medius,  Say ;  Heteropt.  New  Harmony,  p.  33,  No.  11. 

Collected  at  San  Ildefonso,  N.  Mex.,  in  August,  by  Mr.  W.  C.  Shedd ;  at  Tierra  Ama- 
rilla,  N.  Mex.,  in  September,  by  Dr.  H.  C.  Yarrow;  in  New  Mexico,  September,  by  S. 
Bedell. 
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Lygus,  Kahn. 

1.  L.  annexus. 

Lygus  annexus,  Uhler ;  U.  S.  Geologloal  Survey  of  Montana,  1871,  p.  413. 

From  Pueblo,  io  July,  by  Mr.  Wilkin ;  Tierra  Amarilla,  N.  Mex.,  September,  Dr.  H.  C. 
Yarrow  j  Abiquiu,  N.  Mex.,  Dr.  O.  Loew ;  Northern  New  Mexico,  Lieut.  W.  L.  Carpenter 

2.  L.  lineatus. 

Lygceus  lineatus  Fab ;  Ent.  8yst.  HuppL,  p.  541,  No.  124-5.    Syst.  Bhyng.,  p.  334,  No.  153,  Cap- 
sus  4-vittatus,  Say,  Heteropt ;  New  Harmony,  p.  30,  No.  5. 

An  inhabitant  of  many  parte  of  the  United  States  from  Northern  New  York  to  Texas. 
The  present  specimens  were  collected  in  Northern  New  Mexico,  in  Jane-July,  by 
Lieut.  W.  L.  Carpenter. 

3.  L.  lineolaris. 

% 

Oapsus  lineolaris,  Palisot-Beanv ;  Ins.  Afr.  et  Amer.,  p.  187,  pi.  xl,  fig.  7. 

Common  in  most  parts  of  temperate  North  America.    From  Northern  New  Mexico, 
June-July,  Lieut.  W.  L.  Carpenter. 

4.  L.  invitus. 

Oapsus  invitus,  Say;  Heteropt  New  Harmony,  p.  84,  No.  81. 

Sometimes  common  on  the  blossoms  of  Viiis  labrtuoa  in  June,  in  Maryland. 
A  variety  of  this  species  was  captured  in  Northern  New  Mexico,  in  June,  by  Lieut. 
W.  L.  Carpenter. 

Calocoris,  Fieb. 

1.  C.  rapidus. 


Oapsusrapidus.  Say;  Heteropt.  New  Harmony,  p.  80,  No.  4. 
Oapsus  multicolor,  H.  Schf ;  Wans.  Ins.  viii,  p.  19,  fig.  795. 


Common  in  Eastern  United  States  and  in  Texas.    From  Pueblo,  Colorado,  in  June, 
by  Dr.  H.  C.  Yarrow ;  and  from  Tierra  Amarilla,  N.  Mex.,  by  S.  Bedell. 

2.  C.  superbus. 

Calocoris  superbus,  Uhler;  U.  S.  Geog.  Sarva.  W.  of  100th  M.,*vol.  v,  1875,  p.  e38,  No.  2. 
From  San  Ildefonso,  N.  Mex.,  August  17,  by  Mr.  Shedd. 

Resthenia,  Amyot  &  Serv. 
R.  insignis. 

Oapsus  insignis,  Say;  Heteropt  New  Harmony,  p.  82,  No.  13. 
Collected  in  Northern  New  Mexico,  by  Dr.  H.  C.  Yarrow  and  Lieut.  W.  L.  Carpenter. 

Camptobrochis,  Fieb. 
€.  nebulosui. 

Camptobrochis  nebulosui,  Uhler;  U.  S.  Geolog.  Survey  of  Montana,  1871,  p.  417. 
From  Tierra  Amarilla,  N.  Mex.,  by  Dr.  H.  C.  Yarrow. 

Stiphrosoma,  Fieb. 
S.  stygica. 

Oapsus  sfygicus,  Say;  Heteropt  New  Harmony,  p.  84,  No.  18. 

From  Northern  New  Mexico,  July  18,  by  Lieut.  W.  L.  Carpenter. 

Agaluastks,  Fieber. 
A.  associatus. 

AgaUiastes  associatus,  Uhler  ;  U.  8.  Geolog.  Survey  of  Montana,  1871,  p.  419. 
Collected  at  Pueblo,  Colo.,  by  Dr.  H.  C.  Yarrow. 

Orectoderus,  Uhler. 

1.  0.  obliquus. 

Orectoderus  obliquus,  Uhler;  Bulletin  U.  S.  Geogr.  Suit,  of  the  Territories,  vol.  ii,  No.  5,  p.  54. 
From  Northern  New  Mexico,  Dr.  H.  C.  Yarrow. 

2.  O.  anwenus,  new  sp. 

Smaller  and  more  slender  than  0.  obliquus.    Orange-fulvous,  polished,  not  obviously 
punctured,  the  hemelytra  dull,  excepting  the  long  cuneiform  silvery  white  streak 
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opening  from  the  base  of  the  corinm.  Head  mnoh  longer  than  wide,  polished,  narrowed 
behind  the  eyes,  the  width  between  thto  eyes  scarcely  narrower  than  the  collum  ;  face 
moderately  decurving ;  eyes  blackish,  renifonn,  very  prominent ;  an  ten  ore  moderately 
stout,  rod-like,  the  basal joiut  constricted  at  its  origin,  the  second  joint  very  long,  in- 
fuscated,  of  even  thickness  throughout;  rostrum  slender,  infuscated,  reaching  npou 
the  venter.  Pronotura  nearly  bell-shaped,  longer  than  wide,  very  narrow  in  front, 
finely  polished,  the  posterior  margin  concave.  Marginal  lines  of  the  coriuni  all  around, 
and  of  the  clavus,  brownish ;  cuneus  infuscated  at  tip,  and  with  a  large  white  spot  at 
base ;  membrane  fuliginous,  but  paler  at  the  basal  angle.  Legs  long  and  slender,  the 
tibiie  ahd  tarsi  tioged  with  pi  ceo  us.  Veuter  highly  polished,  orange*  a  little  infuscated, 
moderately  clavate  posteriorly.  Length  to  tip  of  venter  <ty  millims.  To  tip  of  wing- 
covers  6  millims.    Width  of  pronotum  H  millims. 

A  single-wing  cover  is  in  the  lot  from  New  Mexico.  Other  specimens  have  been 
taken  in  Texas  and  Illinois. 

Family  AOANTHIAD^B. 

*  Acanthia,  Fabr. 
A*  lectutaria. 

Cimex  lectutarius.  Linn ;  Syst  Nat  e<L  12.  vol.  ii,  p.  715,  No.  I. 
Acanthia  lectularia,  Fab;  Eut.  Syst  iv,  p.  07,  No.  1. 
Acanthia  lectularia,  Arayot  &  Serv;  Hemipt,  p.  313,  No.  1. 
Acanthia  lectularia,  Fieber;  Ear.  Hemipt.,  p.  134,  No.  1. 

From  Nothern  New  Mexico,  October,  Lieut.  W.  L.  Carpenter* 

Family  ARADID.E. 

Aradus,  Fab. 
A,  rectus. 

Aradus  rectus,  Say  j  Heteropt  New  Harmony,  p.  29,  No.  4/ 

From  the  foot-hills  of  New  Mexico,  October,  Lieut-  W.  L.  Carpenter*/ 

Family  PHYMATID^B. 

PflYMATA,  Lat. 

P.  erosa. 

Cimex  erasus,  Linn ;  Syst  Nat.  ed.  12,  vol.  fl,  p.  718.  No.  19/ 
Oimez  scorpio,  DeGeer;  M6m.  iii,  p.  350,  pi.  35,  flg.  13. 
Phymata  erosa,  Amyot  &.  Serv ;  Hemipt,  p.  290,  Na  2. 

From  San  Ildefonso,  N.  MeX.,  August  17,  Mr.  Shedd. 

Family  NABHXSf. 

CoRiscua,  Schrank. 
C.  ferus. 

Cimex ferus,  Linn ;  Fauna  Sqao.,  p.  256,  No.  962. 

Nobis  fetus,  Fiber;  Knr.  Hemipt,  p.  161,  No.  9. 

Co  rise  us  Jerus,  St&l;  Enum  Hemipt  iii,  p.  113,  No,  13/ 

Collected  in  New  Mexico,  and  at  Colorado  Springs,  Colo./  June/  by  Dr.  H.  C.  Yarrow  J 
also  Southern  Colorado,  Jane-July,  Lieut.  W.  L.  Carpenter,  and  above  timber-line  i  n 
New  Mexico. 

Subfamily  REDUVIINa. 

Prionotus,  Lap. 
P.  cristatus. 

Cimex  crUtatus,  Linn ;  Cent  Ins.  Rar.,  p.  16,  Na  42.    Aracen.  Acad.,  vol  vi,  p.  399,  No.  42. 

Reduvius  novenarius,  Say ;  Amer.  £nt,  vol.  i,  pL  31,  No.  2. 

ArUus  denticulatus,  West  wood :  Drnry  Illnst,  vol.  H,  p.  73. 

Prionotus  cristatus,  Uhler ;  Bulletin  U.  S.  Geo.  Surv.  Territ,  voL  ii,  Na  5,  p.  61. 

A  single  specimen  from  Northern  New  Mexico,  collected  by  Lieut.  W.  L.  Carpenter* 

Pindus,  St&l. 

P.   80CXU8. 

Pindus  socius,  Uhler;  U.  S.  Geolog.  Survey  of  Montana,  1871,  p.  420. 

From  the  plains  and  foothills  of  Northern  New  Mexico,  in  October,  by  Lieut.  W.  L. 
Carpenter. 

84  £ 
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Subfamily  APIOMERINA. 

Apiomerina,  Hahn. 
A.  flavirentris. 

Apiomeru*  Jlavivtntru,  H.  Schf ;  Wans.  Ins.,  vol.  vm,  p.  77,  fig.  847. 

A  variety  of  this  species  was  collected  near  Santa  F6,  N.  Mex.,  in  Jane,  by  Mr.  Hen- 
sbaw ;  Northern  New  Mexico,  Jane  5  to  July  5,  Lieut.  W.  L.  Carpenter ;  also  at  Bowie, 
Ariz.,  August  8,  by  Mr.  Albruiz. 

Subfamily  PIRATINA. 

Rasahus,  Stal.  (Nee  Amyot.) 
R,  liguitatus, 

Petalochirtis  liguttatut,  Say ;  Heteropt,  New  Harmony,  p.  33,  No.  S. 
Piratet  mulillarius,  Goer;  La  Sayra,  lie  de  Cuba,  p.  410.    (Exoloa.  ayn.) 

From  the  Mojave  Desert,  California,  by  Dr.  O.  Loew,  and  from  Los  Angelos,  in  June 
by  J.  Brown. 

Mklanolestes,  Stal. 

1.  if.  abdominalis. 

Piratet  abdominalit,  H.  Schf,  Wanz.  Ins.,  vol.  viii,  p.  63,  fig.  832. 
Collected  in  Northern  New  Mexico,  June-July,  by  Lieut.  W.  L.  Carpenter. 

2.  if.  picipes. 

Pirate*  pictpei,  H.  Scbf;  Wanz.  Ins.,  vol.  viii.  p.  62,  fig.  831. 
Jieduvitu pungent,  Lee;  Proc.  Philad.  Acad.  Nat.  Sci.  1855,  p.  404. 
Mdanoleste*  piciptt,  Stal;  Enum.  Hemipt.,  ii,  p.  107,  No.  3. 

From  Abiquiu,  N.  Mex.,  September,  Dr.  H.  C.  Yarrow. 

Subfamily  ACANTHASPIDINA. 

CONORHINUS,  Lap. 
C.  rubrofa8ciatu8. 

Oimex  rvbrofa*ciatu».  Do  Goer ;  Mem.  iii,  p.  349,  pi.  35,  fig.  12. 

Conorhinu*  rubrofatciatus,  Amyot  &  Serv.,  Hemipt.,  p.  384,  No.  I,  pi.  8,  fig.  2. 

From  Camp  Lowell,  Ariz.,  Mr.  Ratter,  August  23 ;  and  from  near  the  Colorado  River, 
California,  July  20,  by  Mr.  Somers ;  also  from  the  Mojave  Desert,  by  G.  Thompson. 

Family  STENOPODIDJE. 

Stenopoda,  Lap. 
S.  cuUciformis. 

Citnex  cvliciformU,  Fab  ;  Ent.  Syst.,  p.  728,  No.  162. 
Stenopoda  cinerea,  Lap,  Eauai,  t>.  26,  pi.  52.  fig.  2. 
Stenopoda  culiciformu,  Stal;  Hemipt.  Fabr.,  i,  p.  129,  No.  1. 

A  nympha  of  this  species  was  collected  at  Abiquiu,  N.  Mex.,  by  Dr.  H.  C.  Yarrow. 

Family  SALDID^E. 

Salda,  Fab. 
S.  inter8titiali8. 

Aeanthia  interstitialis,  Say;  Journ.  Acad.  Philada.,  vol.  iv,  p. 321,  No.  1. 

From  Northern  New  Mexico,  July,  Lieut.  W.  L.  Carpenter. 

Family  HEBRDXE. 

Hebru8,  Curtis. 
II.  sobrinue,  new  sp. 

Robust,  brunneo-fuscous,  beneath  chiefly  black-piceous,  with  the  sternnm,  coxae,  and 
legs  testaceous.  Head  stout,  not  so  long  nor  so  tapering  anteriorly  as  in  H.  pvsiUus 
Fallen,  the  vertex  and  face  very  convex,  the  tip  thickly  hairy ;  antenn®  dull  testaceous, 
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pubescent,  the  basal  joint  thickest,  narrowed  at  base,  longer  than  the  second,  the  third 
longest,  Blender  like  the  succeeding  ones;  nuder  side  of  head  and  the  bnccula)  dull 
testaceous;  the  rostrum  slender,  reaching  upon  the  venter,  dull  testaceous;  eyes,  dark 
brown,  with  coarse  and  few  facets.  Pronotum  broader  than  long,  flattened,  the  humeri 
well  defined  by  a  brown  sulcus;  impressed  line  between  the  lubes  distinct,  as  also  the 
three  fovear  on  the  centre,  tbose  of  each  side  leas  distinct;  the  surface  very  minutely 
pnnctured;  pleural  pieces  darker,  witb  a  few  very  remote,  large  punctures.  Venter 
smooth,  blackisb-piceous,  densely  sericeous  pubescent,  margined  with  dull  fulvous. 
Hemelytra  pale  brownish,  minutely  pubescent,  the  nervures  darker,  the  membrane 
scarcely  reaching  to  the  tip  of  the  abdomen. 

Length  scarcely  2  millimeters.    Width  of  pronotnm  $  millimeter. 

Habitat. — New  Mexico,  Lieut.  W.  L.  Carpenter.  San  Ildefonso,  N.  Mex.,  in  July,  Dr. 
H.  C.  Yarrow. 

Family  HYGROTRECHID^. 

Hygrotrechus,  Stal. 
H,  remigis, 

Qtrris  remigis,  Say ;  Heteropt.  New  Harmony,  p.  35,  No.  1. 

From  water  on  the  plains  of  Southern  Colorado  and  Northern  New  Mexico,  June, 
July,  and  October,  by  Lieut.  W.  L.  Carpenter. 

Family  GALGULIDJE. 

Galgulus,  Latr. 

1.  G.  oculatus. 

Naucoris  octdata,  Fab;  Syst.  Rliyng.,  p.  Ill,  No.  5. 

Galgulus  oculatu*,  Latr ;  Hist  Nat  Ins.,  xli,  p.  286,  pi.  95,  fig.  9. 

Galyulus  bvfo,  H.  Schf ;  Wanz.  Ins.,  ▼,  p.  88,  fig.  536. 

Collected  at  San  Ildefonso,  N.  Mex.,  August  17,  by  W-  G.  Shedd ;  Cave  Spring,  Ariz., 
Mr.  Henshaw. 

2.  G.  variegatus. 

Galffulvs  viriegatus.  Guprin ;  Icon.  Regno  Animal,  p.  352. 

Galgulus  pulcher,  Stal ;  Ofv.  Vetenek.  £ka<L  Forhandl.  1854,  p.  339,  No.  1. 

Santa  Barbara,  Cal.,  Mr.  Henshaw  and  Dr.  O.  Loew;  also  at  Abiquiu,  N.  Mex.,  Dr. 
H.  C.  Yarrow,  in  September. 

Family  NAUOORIDJE. 

Ambrysus. 

A.  Signoreti. 

Ambryms  Signoreti,  Stal ;  Heraipt.  Mex.  Stettin.  Ent.  Zeit.,  xxiii,  p.  460,  No.  336. 
Naucoris  Poeyi,  Amyot  &.  Serv ;  Heniipt.,  p.  434,  pi.  8,  fig.  5. 

Taken  at  San  Ildefonso,  N.  Mex.,  July,  by  Dr.  H.  C.  Yarrow ;  in  New  Mexico,  July, 
by  Lieut.  W.  L.  Carpenter;  and  in  the  Mojave  River,  Cal.,  in  July,  by  Dr.  O.  Loew. 

Family  BELOSTOMID.E. 

Belostoma,  Auctor. 

B.  annulipes, 

Belostoma  annulipes,  H.  Schf;  Wans.  Ins.,  vili,  p.  98,  figs.  603, 804. 

A  nympha  was  taken  near  San  Ildefonso,  in  July,  and  an  imago  at  Pagosa,  Colo., 
September  5,  by  Dr.  II.  C.  Yarrow. 

Pedixocoris,  Mayr. 

1.  P.  macron  yx. 

Pedinocoris  macronyx,  Mayr ;  Yerhandl.  Wien.  Zool.-Botan.  Geaell,  1P63,  p.  950,  tab.  11,  figs.  1-4 
Obtained  in  the  Gila  River,  Arizona,  by  Dr.  C.  G.  Newberry. 

2.  P.indentata. 

Zaitha  indentata,  Hald.,  Proc.  Acad.  Philada.,  vi,  p.  364. 

Vedinocoris  brachonyx,  Mayr;  Verbandl.    Wien.  Zool.-Botan.  Gescll,  1863,  p.  351, tab.  11,  fig.  5. 

From  the  Mojave  River,  California,  July,  Dr.  0.  Loew,  and  from  Keruville,  Cal.,  by 
Mr.  Henshaw,  September  2. 
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Abkdus,  St&l. 
A.  brcviceps. 

Abedus  breviceps,  St&l ;  Stettlner  Ent.  Zeit,  xxiii,  p.  462. 

Collected  at  San  Ildefonso,  N.  Mex.,  August  17,  by  Mr.  Shedd ;  Camp  Lowell,  Ari- 
zo  ia,  August,  Mr.  Heushaw,  and  in  Arizona,  July,  by  Mr.  Rutter. 

Family  NOTONEOTID.E. 

Notonecta,  Linn. 

1.  N.  undulata, 

Notonecta  undulata,  Say;  Heteropt.   Neir  Harmony,  p.  39,  No.  1. 

From  Abiauiu,  N.  Mex.,  September,  by  Dr.  Yarrow,  and  San  Ildefonso,  N.  Mex., 
Angust  17,  Mr.  Shedd. 

2.  N.  insulata. 

Notonecta  insulata,  Kirby ;  Fauna  Bor.  Amer.,  iv,  p.  985,  No.  399. 
Notonecta  rugosa,  Fieber ;  Rhynchotographten,  p.  52,  No.  7. 

Collected  at  Camp  Lowell,  Ariz.,  in  August,  by  Mr.  Hensbaw,  and  elsewhere  in  Ari- 
zona, in  Jnly,  by  Mr.  Rutter. 

Family  CORISIDAE. 

Cor isa,  Geoff. 

1.  C,  interrupta. 

Oorixa  interrupta,  Say;  Journ.  Acad.  Phil  ad  a.,  iv,  p.  338,  No.  1. 

From  New  Mexico,  in  October,  by  Lieut.  W.  L.  Carpenter,  and  from  Sun  Ildefonso, 
N.  Mex.,  by  Dr.  II.  C.  Yarrow. 

2.  C.  alternata. 

Corixa  alternata,  Say ;  Journ.  Aoad.  Philada.,  iv,  p.  339,  No.  2. 

From  San  Juan  River  in  New  Mexico,  by  Mr.  Browne. 

3.  C.  sutilis. 

Oorixa  sutilis,  Ubler ;  Bulletin  U.  S.  Geogr.  Surv.  of  the  Territ,  vol  It,  No.  5,  p.  73. 
From  the  plains  of  Northern  New  Mexico,  in  October,  by  Lieut.  W.  L.  Carpenter. 

HOMOPTKRA. 
Family  STRIDULANTIA. 

Cicada,  Fab. 

1.  C.  synodica. 

Cicada  synodica,  Say ;  Journ.  Acad.  Philada.,  voL  iv,  p.  334,  No.  6. 
From  Southern  Colorado,  June-July,  by  Lieut.  W.  L.  Carpenter. 

2.  C.  rimosa. 

Cicada  rimosa,  Say ;  Journ.  Acad.  Philada.,  vol.  vi,  p.  235,  No.  2. 
Collected  in  Southern  Colorado,  June-July,  by  Lieut.  W.  L.  Carpenter. 

Family  MEMBRAGID^E. 

Ceresa,  Fairm. 
C.  bubalus. 

MemJbracit  bubalut,  Fab.,  Ent.  Syst ,  vol.  iv,  p.  14,  No.  23. 

Ceresa  bubalus,  Fitoh ;  Catalogue  of  lua.  N.  Y.  State  Cabinet,  p.  50,  No.  633. 

From  San  Ildefonso,  N.  Mex.,  and  near  Pueblo,  Colo.,  by  Dr.  H.  C.  Yarrow ;  also  from 
San  Ildefonso,  by  Mr.  Shedd. 


S.  vau. 
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Smilia,  Geraiar. 


Membracii  vau,  Say :  Joarn.  Acad.  Phi  lad  a.,  vol.  vi,  p.  299,  No.  — . 
Smilia  vau,  Fitch  ;  Cat  of  las.  of  N.  7.  State  Cabinet,  p.  43,  No.  658. 

Collected  in  Northern  New  Mexico,  June- July,  aud  also  in  October,  by  Lieut.  W.  L. 
Carpenter. 

Campylknchia,  Stal. 
C.  curvata. 

Membracis  curvata,  Fab.,  Syst  Rhyng.,  p.  13,^No.  34. 

Membracis  latipes,  Say  ;  Long's  Exped.,  ii,  p.  302,  No.  5. 

Enchenopa  Antonina,  Walk  ;  Brit.  Mas.  List.  Homopt.  ii,  pp.  488-491,  Nos.  32, 33, 33, 36, 37. 

E  venosa,  Walk ;  Brit  Mus.  Lint  Homopt  li,  pp.  4*3 -431,  No*.  32, 33, 35, 36, 37. 

E.  denia,  Walk ;  Brit  Mus  List  Homopt  li,  pp.  468-491,  Nos.  32, 31, 35, 36, 37. 

E  ftyjida.  Walk:  Brit  Mua.  List  Homopt  ii,  pp,  488-49 1,  No*. 32, 3),  35, 36, 37. 

E.  bimaculMa,  Walk;  Brit  Mua.  List  Homopt  ii, pp.  488-491,  Nos.  32, 33, 35, 36, 37. 

Collected  in  New  Mexioo,  by  Mr.  Butter. 

Publilia,  Stal. 
P.  modes  ta. 

Publilia  modesta,  TJhler ;  Bulletin  TJ.  S.  Geolog.  Survey  of  the  Territ.,  vol.  ii,  No.  5,  p.  78,  No.  2. 

Collected  at  San  Ildefonso,  N.  Mox.,  by  Dr.  H.  C.  Yarrow,  and  at  Cave  Spring,  Ariz.* 
by  Mr.  Henshaw. 

Darius,  Fab. 

An  immature  specimen  of  species  allied  to  D.  lateralis,  Fab.,  was  in  the  oolleotion  of 
Dr.  O.  Loew,  from  the  Mojave  Desert,  California. 

Telamona,  Fitch. 
T.  pyramidata,  new  sp. 

* 

Similar  in  form  to  T.  querci,  Fh.,  but  not  quite  so  broad,  the  base  of  the  dorsal 
prominence  more  compressed.  Color  (of  the  alcoholic  specimen)  yellowish,  clouded 
with  brown,  particularly  on  the  sides  and  tip  of  the  prominence;  also  at  the  end  of 
the  scntellum,  and  on  the  base  and  more  largely  on  the  tip  of  the  homely tra.  Head 
uneven,  yellowish,  remotely,  finely  and  irregularly  punotnred  with  brown ;  cheeks 
and  rostrum  hairy.  Pronotnm  with  brown,  coarse,  sunken  punctures,  the  punctures 
finer  anteriorly  and  placed  less  closely,  and  so,  also,  a  little  way  from  the  apex  ;  cen- 
tral carinate  line  interruptedly  brown,  smooth;  humeri  prominent,  laminar,  almost 
rectangular.  Dorsal  prominence  subpyramidal,  compressed  above,  the  tip  rounded, 
edged  with  piceous,  with  a  few  coarse,  deep,  dragged  punctures,  which  are  bounded 
by  tumid,  almost  linear,  oblique  interstices ;  the  carinate  line  continued  to  the  tip  of 

ftronotum,  aud  paler  both  below  and  behind  the  summit ;  the  apex,  with  four  irregu- 
ar,  longitudinal  rows  of  punctures,  with  raised  linear  interstioes;  lateral  edge  smooth 
pale,  somewhat  interrupted  with  brown.  Hemelytra  obtcured  hyaline,  with  a  large 
oval  spot  at  tip  ;  their  extreme  base,  the  two  upper  nervures  on  the  middle,  and  the 
punctures  bounding  the  nervures  each  side  throughout  their  length  brown.  Legs  yel- 
lowish, tinged  with  pioeous,  the  tibiae  spotted  with  brown  on  their  outer  sides ;  bristles 
pale  yellowish,  the  base  and  extreme  tip  of  tarsi,  aud  the  nails  piceous.  Venter  black- 
ish, with  the  incisures  yellowish. 

The  hemelytra  extend  considerably  beyond  the  pronotnm  and  are  obliquely  nar- 
rowed at  tip. 

Length  to  tip  of  pronotnm,  8  millimeters ;  to  tip  of  hemelytra,  9  millimeters.  Width 
b3tween  the  humeral  angles,  4  millimeters.  Altitude  to  summit  of  dorsal  prominence, 
scant  4  millimeters. 

Collected  in  Southern  Colorado,  in  Jnly,  by  Lieut.  W.  L.  Carpenter.  * 

Family  PULGORID^. 

Scolopa,  Germar. 
S.  8ulcipe8. 

Fulgora  mleipes,  Say ;  Joarn.  Philada.  Aoad.,  vol.  iv.,  p.  335. 

Obtained  in  Southern  Colorado,  June- July,  by  Lieut.  W.  L.  Carpenter. 
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Family  TBTTIGONID^E. 

Proconia,  Amyot  &  Serv. 
P.  costalis. 

Tettigonia  cos  tali*,  Fab.,  Ent.  Syst.,  Sappl.,  p.  516,  No*.  22,  93.    Signoret,  Ann.  Soc  Ent.  France, 

3d  ser.,  ii,  p.  359,  pi.  12,  tig.  8. 
Oereopis  margindla,  Fab.,  Syst.  Rhyng.,  p.  96,  No.  44. 
Oemopis  lateralis,  Fab.,  Ent.  Syst.,  Sappl.,  p.  534,  No.  24.    Coqaebert,  Illastr.,  vol.  i,  p.  35,  tab. 

9.  fig.  3. 
Tettigonia  lugens.  Walker ;  Brit.  Mns.  List,  Homopt.,  iii,  p.  775,  No.  108. 
Ttttigonia  pyrrhoteius,  Walk.,  1.  o.  ill,  p.  775,  No.  109. 

Widely  distributed  in  North  America,  occuring  on  both  sides  of  the  coutinent,  and 
as  frequent  in  the  oold  north  of  British  America  as  in  the  warm  regions  of  the  sub- 
tropics. 

Captured  near  Abiquiu,  N.  Mex.,  by  Dr.  O.  Loew. 

Tettigonia,  Sign.  (Geoff.) 
T.  hieroglyphic*. 

Tettigonia  hieroglyphica,  Say ;  Jour.  Acad.  Philada.,  vol.  vi.,  p.  313,  No.  6. 

Taken  in  Northern  New  Mexico,  by  Lieut.  W.  L.  Carpenter,  and  in  the  Mojave  Desert, 
in  July,  by  Dr.  O.  Loew. 

Helochara,  Fitch. 
H.  communis. 

Helochara  communis,  Fitch ;  Heteropt.,  New  York  State  Cabinet,  p.  56.,  Noa.  753,  754. 
Taken  in  Northern  New  Mexico,  in  July,  by  Lieut.  W.  L.  Carpenter. 

BYTH08COPU8. 

B.  8iccifoliu8. 

Bythoscopus  siccifolius,  Uhler ;  Bulletin  U.  S.  Geolog.  Survey  of  the  Territories,  vol.  ii,  p.  93, 
No.  2. 

Taken  in  New  Mexico,  September,  by  Lieut.  W.  L.  Carpenter. 

Many  specimens  of  Aphid^e,  obtained  from  various  kinds  of  plants,  are  included  in 
several  of  the  bottles,  but  they  are  changed  too  much  by  their  alcoholic  bath  to  admit 
of  correct  determination. 
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ANNUAL  REPORT  OF  CAPTAIN  G.  J.  LYDECKER,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1877. 

EXPLORATIONS  AND  SURVEYS,  MILITARY  DIVISION  OP  THE  MISSOURI. 

Headquarters  Military  Division  of  the  Missouri, 

Office  of  the  Chief  Engineer, 
Chicago,  111.,  September  25, 1877. 

General  :  I  have  the  honor  to  submit  the  following  report  of  opera- 
tions connected  with  this  office  for  the  fiscal  year  ending  Jane  30, 1877  : 

By  General  Order  No.  6,  Headquarters  Military  Division  of  the  Mis- 
souri, I  was  "  announced  as  chief  engineer  officer  on  the  division  staff, 
during  the  temporary  absence  of  Maj.  George  L.  Gillespie,  Corps  of 
Engineers,"  in  pursuance  of  Special  Orders  No.  85,  current  series,  from 
the  Headquarters  of  the  Army. 

Since  assuming  charge,  I  have  had  no  funds  for  defraying  expenses 
incident  to  operations  pertaining  to  the  duties  of  this  office,  consequently 
it  has  been  impossible  to  accomplish  any  work  worthy  of  note.  The 
record  shows  that  about  the  same  conditiou  of  affairs  existed  during 
Major  Gillespie's  administration,  viz :  from  July  1, 1876,  to  May  1,  1877, 
telegraphic  instructions  from  the  Chief  of  Engineers,  dated  July  29, 
1876,  having  directed  as  follows :  u  Appropriations  for  surveys,  &c, 
having  failed  in  Congress,  no  indebtedness  will  be  incurred  subsequent 
to  July  31, 1876." 

All  work  done  in  the  office  has  been  by  a  man  detailed  from  those  en- 
listed for  the  general  service,  and  has  consisted  generally  in  the  routine 
business,  such  as  making  duplicate  tracings  of  sketches,  maps,  &c, 
accompanying  reports  passing  through  this  office,  and  which  are  re- 
quired to  perfect  the  files  in  the  office  of  the  Adjutant-General;  these 
frequently  furnish  data  for  correcting  inaccuracies  in  existing  maps, 
and  whenever  fouud  the  corrections  have  beeu  made.  It  has  not  been 
practicable,  however,  to  make  any  progress  on  the  new  maps  of  the 
Western  Territories.  This  work  should  be  resumed  with  as  little  delay 
as  practicable,  for  the  information  which  the  maps  will  contain  is  greatly 
needed  in  carrying  on  the  operations  against  the  Indians,  and  for  vari- 
ous other  public  purposes. 

For  the  above  object,  and  iu  order  that  any  practical  benefit  may  be 
derived  from  the  continuation  of  this  office,  it  is  necessary  that  an  ap- 
propriation sufficient  for  the  work  should  be  made  available. 
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The  amouuts  required  for  this  purpose  are  as  follows ; 

For  part  of  the  fiacal  year  ending  Jane  JO,  1878 $3,000  00 

For  the  fiscal  year  ending  June  30, 187^ 6,000  00 

With  less  than  the  above  bat  little  good  can  be  accomplished, 
Yery  respectfully,  your  obedient  servant, 

G.  J,  Lydecker, 
Captain  of  Engineers,  U.  8.  A^ 
Chief  Engineer  Military  JJivmon  qf  the  Missouri. 

Brig.  Gen.  A.  A,  Humphreys, 

Chief  of  Engineers  U.  S,  A% 
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ANNUAL  EEPORT  OF  LIEUTENANT  EDWAED  MAGUIRE, 
CORPS  OP  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30,  1877. 

explorations  and  surveys  in  the  department  of  dakota. 

Headquarters  Department  of  Dakota, 

Chief  Engineer's  Office, 
Saint  Paul,  Minn.,  June  30,  1877. 

General  :  I  have  tbe  honor  to  submit  herewith  my  annual  report  for 
the  fiscal  year  ending  June  30,  1877. 

At  the  close  of  the  fiscal  year,  the  engineer  detail  in  this  department 
consisted  of  myself  as  engineer  officer  and  a  detachment  of  the  battalion 
of  engineers,  consisting  of  two  sergeants  and  four  privates.  One  private 
was  discharged  July  14,  1876,  in  consequence  of  the  expiration  of  his 
term  of  service,  but  with  this  one  exception  the  detachment  served  with 
the  troops  in  the  field  till  September  7, 1876,  when  the  campaign  having 
virtually  terminated,  it  returned  to  Saint  Paul.  One  sergeant  was,  Janu- 
ary 8, 1877,  transferred  to  the  Department  of  the  Platte  at  the  request  ot 
the  engineer  officer  of  the  Division  of  the  Missouri.  While  in  the  field  the 
attention  of  the  detachment  was  devoted  to  topographical  work  and  the 
collection  of  such  information  as  was  possible.  In  addition  to  the  topo- 
graphical work,  I  was  engaged  in  the  superintendence  of  the  bridging 
and  crossings  of  streams  and  in  such  road-making  as  was  found  to  be 
necessary  in  order  to  allow  the  passage  of  the  train.  A  full  report  of 
1  *st  summer's  work  was  submitted  to  the  Brigadier  General  commanding 
this  department,  and  a  copy  of  it  was  forwarded  to  the  Chief  of  Engi- 
neers. 

Siuce  the  return  to  this  city  the  office  work  has  consisted  in  the  ar- 
rangement, compilation,  and  plotting  of  the  notes  taken  last  summer,  in 
the  performance  of  such  duties  as  were  found  necessary  in  the  routine 
operations  of  the  department,  and  in  collecting  such  information  relating 
to  this  department  as  could  be  obtained.  There  have  been  numerous 
calls  for  maps,  tracings,  and  information  of  a  varied  nature,  not  only 
from  military  sources  but  from  citizens  interested  in  the  country  west  of 
the  M  ssouri  River,  from  the  superintendent  of  Indian  affairs  in  this 
district,  and  from  steamboat-men. 

In  addition  to  the  above-mentioned  work  I  have  furnished  working- 
drawings  and  specifications  for  and  superintended  the  construction  of 
trestle-bridge  material  to  be  used  during  the  coming  campaign. 

An  appropriation  of  $2,500  having  been  made  for  the  improvement  of 
the  road  from  Springfield,  Dak.,  to  White  Swan,  Dak.,  I  received  orders 
to  examine  and  report  upon  the  said  route.    This  duty  was  performed. 

Upon  the  recommendation  of  the  Quartermaster-General  the  sum  of 
$10,000  was  set  aside  from  tbe  appropriation  for  transportation  of  the 
Army  to  be  expended  in  the  improvement  of  the  Yellowstone  River.  As 
the  engineer  officer  of  this  department  I  was  placed  in  charge  of  the 
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work,  but  with  instructions  to  confine  tbe  work  to  the  three  points  known 
as  Wolf,  Baker,  and  Buffalo  Rapids.  As  the  appropriation  expired  with 
the  fiscal  year  it  became  necessary  for  me  to  make  a  contract  with  each 
employ^  by  which  he  agreed,  for  and  in  consideration  of  a  certain  sum, 
to  remove  the  obstructions  to  navigation  in  the  Yellowstone  by  the  1st 
of  November;  and  should  the  work  be  finished  before  that  time,  there 
should  be  deducted  from  that  sum  an  amount  equivalent  to  pay  for  the 
number  of  days  between  the  date  of  cessation  of  work  and  the  1st  of 
November,  at  the  rate  of  so  much  per  day. 

There  is  still  much  topographical  work  to  be  done  in  this  department, 
but  it  is  impossible  at  present  to  furnish  an  estimate  of  the  amount  which 
can  be  accomplished  during  the  next  fiscal  year.  The  approaching  cam- 
paign and  the  construction  of  the  two  large  posts  on  the  Yellowstone 
and  Big  Horn  absorb  all  the  attention  and  troops  in  this  department. 
It  is  to  be  hoped,  as  expressed  in  a  letter  from  this  office  to  the  Chief  of 
Engineers,  dated  tbe  11th  instant,  "  that  the  Iudian  problem  will  re- 
ceive such  a  solution  this  summer  that  it  will  be  possible  next  spring  to 
fill  in  some  of  the  gaps  now  existing  on  the  maps." 

Upon  my  application  to  the  department  commander  two  officers 
(Lieut.  L.  R.  Hare,  Seventh  Cavalry,  and  Lieut.  O.  F.  Long,  Fifth 
Infantry,)  have  been  detailed  as  acting  engineer  officers  to  accom- 
pany the  troops  serving  in  the  field.  Their  notes  will  be  plotted  when 
received,  and  it  is  hoped  that  new  information  will  be  gained. 

Orders  have  been  issued  for  the  survey  of  Tongue  River  reservation, 
and  the  survey  will  be  made,  other  duties  permitting. 

The  entire  office  work  for  the  year  has  been  well  performed  by  the 
different  eulisted  men  of  the  detachment. 

Very  respectfully,  your  obedient  servant, 

Edw.  Maguire, 
First  Lieutenant  of  Engineers. 

The  Chief  of  Engineers 

United  States  Army. 


EXPEDITION  AGAINST  THE  HOSTILE   SIOUX  INDIANS   IN  THE  SUMMER 

OP   1876. 

Headquarters  Department  of  Dakota, 

Chief  Engineer's  Office, 

Saint  Paul,  Minn.,  March  9,  1877. 

General  :  I  have  the  honor  to  forward  by  to-day's  mail  a  copy  of  the 
report  submitted  by  me  to  the  Brigadier  General  commanding  this  De- 
partment. 

As  will  be  seen  from  the  report  and  the  map,  the  line  of  march*  was 
generally  over  portions  of  the  country  which  had  been  traversed  before 
and  upon  the  nature  of  which  other  reports  had  been  submitted.  I  have 
expressed  my  views  concerning  that  region  simply  because  men  differ  in 
their  ideas  of  the  quality  of  thiugs,  and  any  opinion  which,  though 
when  considered  by  itself  may  be  of  little  importance,  yet  when  com- 
pared with  or  added  to  others,  aids  in  forming  true  estimates. 

There  is  still  much  work  to  be  done  in  this  department  in  the  way  of 
reconnaissances,  but  the  unsettled  condition  of  Indian  affairs,  with  the 
consequent  drain  upon  the  different  posts  for  troops  to  serve  in  active 
operations  aguiust  the  hostiles,  will  preclude  all  idea  of  obtaining  an 

w — 

*  Map  on  file  in  Engineer  Department,  Washington,  D.  C. 
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escort  large  enough  to  famish  adequate  protection  during  the  coming 
season. 

Colonel  Miles,  Fifth  Infantry,  with  a  command  of  about  2,400  men, 
will  commence  operations  this  year,  but  my  experience  last  summer 
taught  me  that  very  little  work  could  be  done  on  a  military  expedition, 
and  as  the  two  new  reservations,  one  at  Tongue  River,  20  miles  square, 
and  the  other  at  the  month  of  the  Little  Big  Horn  or  Custer  River, 
must  be  surveyed,  1  have  concluded  to  start  up  the  Yellowstone  about 
May  1,  for  the  purpose  of  laying  out  these  reservations. 
Very  respectfully,  your  obedient  servant, 

Edw.  Maguire, 
First  Lieutenant  Corps  of  Engineers, 
Chief  Engineer  Department  of  Dakota. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 


# 


REPORT. 

Headquarters  Department  of  Dakota, 

Chief  Engineer's  Office. 

Sir  :  I  have  the  honor  to  submit  the  following  report : 

In  obedience  to  Special  Orders  No.  80,  War  Department,  Adjutant- 
General's  Office,  April  21, 1876, 1  reported  for  duty  at  these  headquar- 
ters May  8, 1876,  relieving  Capt.  William  Ludlow,  Corps  of  Eugineers, 
of  his  duties  as  chief  engineer  of  this  department;  and  iu  compliance 
with  Special  Orders  No.  64,  Headquarters  Department  of  Dakota,  dated 
May  9, 1876, 1  proceeded  to  Fort  Abraham  Lincoln,  May  10,  to  join  the 
expedition  against  the  hostile  Sioux. 

After  a  delay  of  a  few  days,  due  to  rain,  the  column  finally  started 
from  the  encampment  at  5  a.  m.,  May  17,  and  commenced  its  march  into 
the  land  of  the  turbulent  Dakotas. 

The  morning  was  raw  and  cold,  and  a  heavy  mist  hung  over  the  whole 
region  round  about.  It  gradually  rose,  however,  as  we  passed  Fort  Lin- 
coln, and  when  we  reached  the  foot  of  the  long  ascent  leading  to  the 
prairie  above,  it  was  a  very  beautiful  sight,  that  of  the  gradual  fading- 
out  of  the  mist-bows  and  the  rolling  npward  of  the  mist. 

The  column  took  up  the  line  of  march  almost  due  west  for  Heart 
River.  The  route  was  over  a  rolling  prairie,  which  was  found  to  be  in 
fair  condition  for  the  wagon-train.  This  was  surprising,  as  after  the 
heavy  rain  it  was  expected  that  the  ground  would  be  very  soft ;  but  the 
train  experienced  no  difficulty,  and  at  half  past  one  iu  the  afternoon,  after 
a  march  of  13£  miles,  we  encamped  on  Heart  Eiver.  The  camp  was  es- 
tablished in  the  bottom,  which  is  about  500  feet  square,  and  was  fenced 
in  on  three  sides  by  high  bluffs,  the  fourth  side  being  bounded  by  the 
gentle  slope  leading  to  the  prairie  we  had  just  traversed.  Quite  a  num- 
ber of  rattlesnakes,  from  2  to  2£  feet  long,  were  killed  in  the  camp. 
The  grass  was  good  and  plentiful,  and  there  was  no  lack  of  wood.  A 
slight  raiu  fell  during  the  night.  The  water  of  the  Heart  was  the  first 
we  had  seen  after  leaving  Fort  Lincoln.  The  river  is  so  named  from  a 
prominent  butte  which  is  supposed  to  present  the  appearance  of  a  gi- 
gantic heart. 

The  Indian  scouts  furnished  much  amusement.  They  were  ail,  with 
one  exception,  members  of  the  tribe  called  Arickarees.  This  one  excep- 
tion was  Bloody  Knife,  a  half  Sioux,  the  hero  of  many  fights. 
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The  Arickarees  were  formerly  a  large  and  war  like  tribe,  living  on 
Grand  River,  but  small-pox  and  other  diseases  have  brought  tbem  to 
their  present  state.  They  are  of  medium  size  and  quite  dark.  Judg- 
ing from  the  council  held  with  them  by  Col.  G.  A.  Ouster  they  are  not 
without  a  sort  of  rude  eloquence.  They  had  at  all  times  a  dirty  appear- 
ance, and  when  mounted  they  looked  not  unlike  antiquated  negro  washer- 
women. They  appeared  to  be  a  sedate  class  of  men,  even  the  younger 
ones  scarcely  ever  smiling.  They  paid  but  little  attention  to  their  per- 
sonal appearance,  and  I  saw  but  few  and  slight  attempts  at  ornamenta- 
tion of  any  kind.  They  acknowledge  the  existence  of  one  Supreme 
Being.  They  also  worship  the  "Mother,"  who  has  especial  charge  of 
them,  and  who,  on  leaving  them  ages  ago,  left  them  an  ear  of  corn  as 
a  legacy.  Their  legends  state  that  this  Mother  led  them  into  the  heart 
of  a  mountain  and  drove  ill  for  them  various  kinds  of  game.  After  a 
time  one  of  the  tribe,  while  exploring,  crawled  out  into  this  country. 
On  his  report  they  enlarged  somewhat  the  hole,  and  a  portion  of  the 
race  came  forth  into  this  land ;  but  finally,  a  woman  who  was  enormously 
big  with  child  could  not  pass  through,  and  the  hole  is  closed  to  this  day, 
a  portion  of  the  iace  remaiuiug  in  the  mountain.  They  have  no  estab- 
lished form  of  worship.  They  make  use  of  offerings,  and  these  offerings 
placed  on  the  top  of  a  pole  in  the  prairie  are  held  sacred  by  all,  even 
hostile  tribes,  and  never  disturbed. 

There  is  some  chastity  amoug  them,  but  it  is  not  general.  Courtship 
and  marriage  among  them  are  simply  a  bargain,  the  lover  giving  the 
father  the  number  of  pouies  he  demands.  This  number  varies  with  the 
social  and  political  standing  of*  the  father.  There  is  no  marriage  cere- 
mony. In,  taking  a  wife  the  husbaud  is  entitled  to  his  sisters  iu-law  who 
live  with  and  work  for  him,  and  are  disposed  of  in  marriage  by  him. 
There  is  seldom  any  disagreement  among  the  wives,  and  each  treats  the 
others'  children  as  her  own. 

Their  divorce-law  is  as  a  law  without  essence;  that  is  to  say,  a  man 
may  put  away  his  wife  at  will  and  she  returns  to  her  parents  or  rela- 
tives. 

Their  language  contains  about  seven  hundred  and  fifty  words.  Their 
compositiou  is  crude,  their  most  definite  rule  of  grammatical  construction 
being  that  for  distinguishing  the  genders.  Masculine  is  changed  into 
feminine  by  prefixing  an  S. 

They  can  count  up  to  one  thousand,  but  beyond  that  they  must  re- 
sort to  sticks.  Their  term  for  twenty  signifies  a  man,  from  the  fact  that 
a  man  has  ten  fingers  and  ten  toes. 

Their  rulers  or  chiefs  are  elected,  and  are  generally  chosen  'with  a 
view  to  generosity,  courage,  and  iutellect. 

They  have  numerous  legeuds  and  songs.  The  latter,  as  with  all  prim- 
itive people,  are  usually  of  battle  or  the  chase. 

They  have  the  reputation  of  being  very  brave,  and,  indeed,  well-known 
officers  of  the  Army  are  willing  to  testify  to  their  character  in  this  re- 
spect. Yet,  the  whole  time  they  were  with  us  they  could  not  be  induced 
to  go  any  distance  in  advance  of  the  troops.  Before  the  column  left 
Fort  Lincoln  they  said  that  we  would  meet  a  great  many  Indians,  and, 
acknowledging  their  claims  to  being  considered  a  brave  tribe,  the  only 
theory,  and  it  is  thought  the  true  one,  to  account  for  their  apparent 
cowardice,  was  the  fact  that  they  knew  that,  there  were  more  hostiles  in 
the  field  than  were  supposed  to  be,  and  yet  had  no  precise  knowledge  of 
where  these  hostiles  would  be  encountered. 

Their  appetites  are  gross*    They  eat  the  intestines  of  animals  either 
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cooked  or  raw,  and  their  favorite  morsels  are  a  foetus  of  an  antelope, 
elk,  or  deer,  and  tbe  raw  liver  taken  warm  from  the  freshly-killed  animal. 

The  next  morning  (18th)  the  command  moved  again,  crossing  Heart 
River.  The  Heart  at  this  point  i»  about  30  yards  wide,  3  feet  deep,  with 
a  fairly  firm  sandy  bed  and  a  slight  current.  The  water  was  clear  and 
good.  A  great  deal  of  work  was  required  in  corduroying  the  bank  to 
enable  the  train  to  cross,  and  it  was  only  after  a  delay  of  three  hours 
that  the  head  of  the  column  commenced  its  march  for  the  Sweet  briar, 
on  a  branch  of  which  we  encamped  at  1.45  p.  m.,  after  a  journey  of  10$ 
miles.  Cainp  was  established  on  a  plateau  of  about  70  acres,  50  feet 
above  the  creek.  This  branch  of  the  Sweetbriar  is  about  10  feet  wide 
and  4  feet  deep,  with  a  soft,  muddy  bed.  It  contains  quite  a  number  of 
small  fish.  The  quantity  of  wood  was  small,  and  the  grass  fair.  We 
were  greeted  on  our  arrival  with  a  severe  rain-storm  which  lasted  about 
twenty  minutes.  The  rain  continued  to  fall  at  intervals  of  half  an  hour 
or  so  during  the  remainder  of  the  day.  The  country  betweeu  the  Heart 
and  this  camp  is  covered  with  a  well-defined  drift  containing  numbers  of 
bowlders,  (often  found  to  be  arranged  in  almost  perfect  circles  ou  the 
summits  of  the  hillocks,)  quartzose,  feldspathic  and  siliceous  limestones. 
On  this  march  we  caught  our  first  glimpse  of  the  u  bad  lands."  They 
were  of  small  extent. 

The  next  day's  march  of  13J  miles  brought  us  to  Crow's  Nest,  or 
Buzzard's  Boost  Butte.  The  first  portion  of  the  route  lay  over  an 
exceedingly  rough  country  covered  with  drift.  After  struggiiug  over  a 
distance  of  1£  miles  we  arrived  on  the  banks  of  the  Sweetbriar.  It  was 
found  to  be  a  rushing  torrent  fully  50  feet  wide,  aud  much  over  10  feet 
in  depth.  To  cross  it  with  the  means  ac  hand  was  impossible,  so  it  was 
determined  to  go  southward  and  turn  the  stream.  This  was  done,  aud 
skirting  the  valley  we  passed  out  into  an  open,  flat,  and  marshy  prairie, 
in  a  northwesterly  direction  towards  "Crow's  Nest."  The  ground  was 
very  soft  and  interspersed  with  fragments  of  slate,  and  the  last  4 J  miles 
were  passed  over  a  swamp,  double  teams  being  necessary  foreach  wagon. 
At  noon  a  terrible  storm  arose.  The  rain  came  down  as  in  sheets,  while 
for  twenty  minutes  hail  five-eighths  of  an  inch  in  diameter  descended 
with  great  violence.  Fortunately  none  of  the  herd  were  stampeded,  but 
darkness  fell  upon  us  before  the  last  wagon  was  parked.  "  Crow's  Nest" 
consists  of  two  peaks,  the  eastern  one  being  considerably  taller  thau 
the  other.  It  is  so  called  from  the  fact  that  large  numbers  of  crows 
formerly  built  their  nests  and  brooded  there.  Twin  Buttes  are  plainly 
visible  from  the  eastern  peak  bearing  254J°  and  255J°.  The  only  water 
at  this  camp  was  that  in  coulees  and  "  buffalo- wallows."  There  was  no 
wood  easily  accessible,  and  the  grass  was  poor.  A  large  portion  of  the 
command  were  unable  to  cook  supper  or  breakfast.  The  bridge  was  laid 
once  during  this  march. 

At  5  the  next  morning  I  left  camp  with  Beynolds,  the  guide,  and  ten 
Indian  scouts,  to  look  for  a  crossing  of  the  Big  Muddy  Creek.  Numbers 
of  antelope  were  seen.  A  crossing  was  found,  but  returning  we  met  the 
command,  which  had  moved  at  7.30  a.  m.,  and  it  was  decided  to  turn  the 
stream.  During  the  journey  a  branch  of  Muddy  Creek  was  crossed  by 
a  bridge.  After  a  march  of  9£  miles  the  command  encamped  on  another 
branch  of  the  Big  Muddy  Creek  at  1.30  p.  m.  The  grass  along  tbe  route 
was  thin  and  the  ground  soft,  but  the  train  encountered  but  few  and 
slight  difficulties.    A  heavy  rain  fell  during  the  night. 

The  following  day  the  creek  was  crossed  by  a  bridge.  The  stream  is 
about  9  feet  in  width  and  1£  feet  deep.  The  day  opened  foggy  and 
rainy.    The  first  portion  of  the  route  was  nearly  northwest  toward  Big- 
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Butte,  then  turning  west  the  march  was  along  the  eastern  edge  of  aline 
of  bluffs  overlooking  an  extensive  area  of  bad  lands,  in  the  center  of 
which  are  situated  "Twin  Buttes,"  or  "Maiden's  Breasts,^  so  called  from 
their  appearance.  Camp  was  established  on  another  branch  of  the  Big 
Muddy,  crossed  by  bridge  at  3.30  p.  m.,  after  a  march  of  13£  miles. 

"Cherry  Ridge,"  a  long,  prominent,  and  well-timbered  range  of  hills, 
was  visible  all  day.  In  addition,  numerous  buttes  were  in  view  during 
the  march,  among  which  were  "Wolfs  Den"  and  "Big  Butte." 

The  grass  was  fair,  but  the  soil  was  often  rocky.  There  was  no  tim- 
ber nearer  than  2  miles  from  caqip,  and  that  was  but  a  pocket  of  small 
growth. 

Breaking  camp  the  next  morning,  the  route  lay  nearly  southwest  over 
a  low  swamp,  which  proved  to  be  the  headwaters  of  the  Big  Muddy. 
Crossing  this  swamp,  we  ascended  the  divide  on  the  south  side  of  the 
Big  Muddy  Valley,  the  course  then  turning  westward  over  a  firm  and 
finely-grassed  country  intersected  by  well-wooded  ravines.  From  this 
divide  the  timbered  valley  of  the  Muddy  could  be  seen  to  the  south. 
Reaching  the  headwaters  of  a  branch  of  Knife  River,  we  proceeded 
along  the  left  bank  for  about  6  miles,  and  then  turning  southwest  of  the 
valley  the  road  led  up  a  steep  hill  covered  with  sage  and  cactus,  there 
being  little  or  no  other  vegetation.  Large  alkaline  patches  were  promi- 
nent features  of  the  country.  Moving  around  the  summit  of  the  hill, 
we  again  descended  to  the  valley  of  the  stream,  ("  Thin-faced  Woman's 
Creek,")  and  crossed  the  latter  by  bridge.  The  creek  is  well  wooded ; 
the  banks  are  steep,  and  it  is  about  20  feet  wide  and  12  feet  in  depth. 
There  was  no  water  at  the  crossing,  but  a  sufficient  quantity  was 
obtained  from  pools  a  short  distance  from  camp.  A  few  elk  were  seen 
during  the  march. 

Starting  at  5.30  the  next  morning,  and  passing  Young  Men's  Butte' 
about  8.20,  we  encamped  at  8.40  a.  m.  near  the  springs  which  form  the 
headwaters  of  another  branch  of  Knife  River.  There  was  plenty  of 
good  water,  wood,  and  grass.  The  valley  of  Knife  River  is  visible  for 
30  miles  from  this  point  It  is  well  timbered  and  of  considerable  width. 
Elk,  black-tail  deer,  and  antelope  were  seen  during  the  day. 

Leaving  the  camp  near  Young  Men's  Butte,  we  crossed  the  divide 
between  Knife  River  and  a  branch  of  Heart  River,  and  encamped 
on  the  latter  a  short  distance  from  the  river  itself.  The  main  stream 
receives  the  branch  about  1£  miles  from  this  camp.  The  branch  is 
about  30  feet  wide  and  1  foot  in  depth,  with  a  hard,  gravelly  bed.  The 
current  is  swift,  and  the  water  is  clear  but  alkaline,  and  contains  quite 
a  number  of  small  fish.  The  grass  around  camp  was  good,  and,  like  the 
wood,  plentiful.  A  great  many  elk  and  one  lynx  were  seen  in  this 
region.  During  this  march  we  encountered  for  the  first  time  limited 
fields  of  a  species  of  primrose.  The  flowers  were  very  beautiful,  and  as 
they  were  crushed  under  the  horses  feet  they  gave  forth  a  protest  of  the 
most  delicate  and  welcome  odor. 

On  the  morning  of  May  25  we  forded  the  branch  of  the  Heart,  and, 
crossing  the  divide,  encamped  on  what  is  called  North  Fork  of  Heart 
River.  The  grass  in  and  around  camp  was  good ;  there  was  plenty  of 
wood  and  fair  water.    The  bridge  was  laid  twice  during  the  march. 

Having  crossed  the  North  Fork  by  bridge,  we  ascended  a  long  aud 
easy  slope  to  an  alkaline  plain  covered  with  cactus  and  prickly  pears. 
After  a  march  of  about  5  miles,  the  North  Fork  was  crossed  agaiu  by 
bridge.  The  stream  at  this  point  is  well  timbered,  and  its  course  cau 
be  seen  for  fully  12  miles.  Alter  crossing  several  tributaries,  the  com- 
mand finally  encamped  on  one  of  the  latter  about  2  o'clock  in  the  after- 
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noon.  The  grass  was  excellent,  but  there  was  no  wood.  The  weather 
was  very  warm,  and  the  mosquitoes  troublesome.  Millions  of  young 
grasshoppers  were  seen  covering  the  ground.  The  bridge  was  laid  three 
times  during  the  day.    We  were  visited  by  a  heavy  rainstorm  at  night. 

The  next  morning  opened  up  quite  foggy,  but,  breaking  camp  at  the 
usual  hour,  the  command  proceeded  in  a  south-southwest  direction  for 
nearly  7  miles,  when  we  came  in  full  view  of  the  bad  lands  of  the  Little 
Missouri.  These  bad  lands,  as  seen  from  a  distance,  present  a  very 
striking  and  picturesque  appearance,  forcibly  reminding  one  of  the 
ruins  of  some  great  city  destroyed  by  fire.  This  effect  is  heightened  by 
occasional  patches  of  brilliant  red  clay,  which  glisten  in  the  sunlight 
like  beacon-fires.  Upon  a  near  approach  the  beauty  of  the  scene 
vanishes  into  thin  air.  One  finds  but  deep  and  tortuous  ravines  flanked 
by  almost  perpendicular  bluffs  of  alkaline  clay.  In  addition  to  the 
bluff's,  there  are  numerous  solitary  formations,  usually  conical  in  shape, 
and  some  of  these  have  layers  or  bands  very  distinctly  marked,  as  with 
a  brush.  The  surface  of  the  conical  formations  is  quite  bard,  but  de- 
tached pieces  of  the  clay  offer  but  slight  resistance  to  being  crushed  to 
an  impalpable  powder.  Different  varieties  of  clay,  argillaceous  lime- 
stones, and  triable  sandstones  are  encountered.  Beds  of  lignite  appear 
at  almost  every  step,  and  occasionally  a  burning  bed  is  to  be  seen.  The 
clays  are  of  divers  shades,  running  through  black,  brown,  red,  yellow, 
blue,  and  gray  to  pure  white.  Often  the  ground  and  hillsides  are 
strewn  with  slag-like  masses,  which  bear  strong  evidences  of  having 
been  fused.  Sdine  of  them  have  a  vitreous  luster,  others  looking  very 
much  like  bog  iron-ore. 

The  lignite  is  of  an  impure  variety,  sometimes  of  a  dead  black  color, 
with  aconchoidal  fracture,  and  resembling  can nel  coal ;  at  other  times  it 
is  brown,  with  a  decided  vegetable  structure.  In  the  descent  to  the 
valley  of  Powder  River,  where  a  road  had  been  cut  in  the  side  hill,  there 
was  found  a  bed  of  lignite.  Specimens  taken  from  it  broke  freely  in 
laminae,  and  the  fracture  showed  numerous  projections  like  black  shells 
of  a  small  size  imbedded  in  the  lignite.  These  raised  shell-like  portions 
were  black,  and  of  a  bright  vitreous  luster,  while  the  matrix,  if  it  may 
be  so  termed,  was  of  a  dull  black  color,  with  a  slightly  brownish  tinge. 
The  lignite  does  not  burn  well.  It  is  difficult  of  ignition,  and  a  white 
ash  is  produced  by  combustion. 

The  valleys  of  the  streams  appear  to  be  all  of  the  same  nature,  vary- 
ing simply  in  extent.  The  following  section  of  the  banks  of  the  Yellow- 
stone, near  the  mouth  of  Powder  River,  furnishes  a  type  of  the  general 
formation  of  the  whole  section.    (See  Fig.  1.) 

The  drift  consists  of  various  kinds  of  siliceous  pebbles  and  stones, 
often  containing  beautiful  specimens  of  moss  and  fortification  agates. 
Silicified  wood  is  common.  The  clay  is  of  different  shades  of  yellow, 
blue,  and  gray,  some  being  of  dazzling  white.  The  sandstone  is  usually 
of  a  light-yellowish  color,  but  is  quite  often  found  in  dislodged  masses 
on  the  bluffs  of  a  dark  rusty  or  brown  color.  It  is  quite  soft  and  can 
be  broken  readily  by  hand.  With  the  exception  of  urift,  and  now  and 
then  small  quantities  of  shale  or  indurated  clay,  this  sandstone  was  the 
only  kind  seen  during  the  whole  season. 

From  the  point  where  we  first  caught  sight  of  the  bad  lands  the  course 
was  turned  nearly  due  south,  and  having  marched  a  distance  of  about 
5  miles,  a  halt  was  ordered  to  determine  our  position. 

It  is  with  great  pleasure  that  I  can  testify  to  the  accuracy  and  relia- 
bility of  the  maps  furnished  by  the  Eugineer  Department. 

The  descent  to  the  valley  of  Davis'  Creek  was  accomplished  without 
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ranch  difficulty*  We  found  plenty  of  wood,  some  water  which  was  quite 
alkaline,  and  some  grass  of  a  poor  quality. 

The  inarch  to  the  Little  Missouri  was  resumed  the  next  day.  Davis- 
Creek  is  a  very  tortuous  one,  with  high  perpendicular  banks.  It  is  gen- 
erally skirted  with  cotton  wood,  (some  of  large  sise,)  willow-brush,  and 
sage  brush  of  small  growth.  Plenty  of  good  grass  was  found  all  the 
way.  The  bed  of  the  stream  varies  in  width  from  about  15  to  70  feet, 
the  bottom  being  a  miry,  sandy  earth,  with  occasionally  a  slight  layer 
of  gravel.  The  water  was  generally  yellow  and  alkaline.  The  slopes 
and  peak 8  of  the  valley  are  covered  with  a  light  growth  of  grass*.  One 
of  the  guides  stated  that  when  he  passed  down  this  valley  with  General 
Sully,  iu  1864,  there  was  no  vegetable  growth  ;  and  Lieutenant  Chance, 
Seventeenth  Iufantry,  states  that  in  1872  no  work  was  required  to  cross 
the  train.  In  a  distance  of  8  miles,  ten  crossings  were  made,  at  the 
expense  of  much  time  and  labor.  As  we  d?ew  near  to  the  Little  Mis- 
souri the  aspect  of  the  country  changed  for  the  better.  The  hills  had  a 
thicker  and  brighter  covering  of  grass.  The  timber  and  brush  became 
more  luxuriant,  and  now  and  then  were  found  fine  springs  of  clear  cold 
water.  We  were  greatly  troubled  with  mosquitoes  until  the  parking  of 
the  train  at  the  Little  Missouri,  where  we  arrived  about  9  a.  m..  May 
29.  In  the  march  down  the  valley  of  Davis'  Greek,  twelve  crossings  in 
all  were  constructed.  The  camp  was  established  in  a  plain  bounded  on 
three  sides  by  high  hills,  and  having  between  it  and  the  river  a  belt  of 
fine  timber  about  200  yards  in  width.  Game  abounds  in  this  section  of 
the  country  and  the  river  is  well  stocked  with  pan-fish.  The  river  at 
high-water  stage  is  about  200  yards  wide  from  bank  to  bank.  At  the 
time  we  crossed,  it  was  about  100  feet  in  width  and  from  2  to  3  feet  deep, 
with  a  hard  gravel  bottom.  The  portions  of  the  bed  not  covered  with 
water  were  very  soft  and  required  much  work  to  make  them  passable 
for  the  train. 

Leaving  the  Little  Missouri  on  the  morning  of  May  31,  the  route  lay 
in  the  bed  of  a  small  creek  for  about  half  a  mile  and  then  led  over  the 
bluffs.  This  latter  portion  of  the  route  was  very  difficult  of  passage  and 
required  much  and  extensive  work  in  the  way  of  cuttings.  The  train, 
however,  passed  with  but  two  upsets,  and,  considering  the  nature  of  the 
road,  with  remarkable  speed.  We  reached  the  base  of  the  more  east- 
ern of  Sentinel  Buttes  about  7  miles  from  camp,  and  skirting  this  butte 
we  passed  over  a  very  rough  but  well-grassed  country  and  descended 
through  a  deep  aud  difficult  ravine  to  an  open  valley  through  which 
ran  a  stream  of  then  small  proportions  ou  which  we  encamped.  Rain 
fell  during  the  evening,  but  changed  into  snow,  and  at  3  a.  m.  the  next 
day  several  inches  of  snow  had  fallen,  and  the  storm  was  severe.  The 
little  stream  of  the  day  before  had  swollen  to  quite  important  dimen- 
sions. Wood  was  scarce  and  not  easily  accessible*  The  animals  suffered 
from  exposure  and  want  of  grass.  Two  Big  Horn  sheep  were  killed  by 
Reynolds  on  the  road  to  this  camp. 

We  left  this  camp  on  the  morning  of  June  3,  and  a  cold  and  disagree- 
able march  of  about  6  miles  brought  us  out  into  a  beautiful  rolling  prai- 
rie full  of  game.  Before  reaching  the  prairie  we  passed  numbers  of 
well-wooded  ravines.  Here  we  met  scouts  sent  by  the  commanding 
officer  of  the  Montana  column,  who  brought  information  that  their  col- 
umn had  seen  several  parties  of  Indians,  numbering  from  about  twenty 
to  fifty.  These  Indians  were  bold  enough  to  assemble  on  the  bluffs  on 
the  south  side  of  the  Yellowstone  aud  dare  the  troops  on  the  other  side 
to  an  encounter.  After  a  march  of  25  miles,  the  longest  yet  made,  we 
encamped  ou  Beaver  Creek.    Beaver  Creek  at  this  point  is  about30  feet 
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wide  with  a  depth  varying  from  1  to  6  feet,  and  the  water  is  cool  and 
clear.  The  banks  are  covered  with  a  thick  growth  of  brush.  The  bed 
of  the  creek  is  soft  and  muddy.  There  was  wood  in  plenty  and  the  graz- 
ing was  excellent. 

The  next  day,  moving  almost  due  south r  we  crossed  a  low  "  divide," 
from  which  rose  here  and  there  bare  rugged  buttes  capped  with  masses 
of  rusty  sandstoue,  into  the  valley  of  a  tributary  of  Beaver  Creek. 
Crossing  the  stream  by  bridge  we  passed  over  a  rolling,  well-grassed 
prairie  to  another  branch  of  Beaver  Creek,  which  was  found  to  be  tim- 
bered, but  the  water  was  in  pools.  Thence  we  moved  in  a  southerly 
direction  over  a  barren  country  to  a  rocky  "divide,"  along  this  divide 
for  about  3  miles,  and  then  changing  the  route  to  west  of  south,  we 
encamped  on  Beaver  Creek.  The  water  here  was  in  pools.  Plenty  of 
wood  and  good  grass  were  obtaiued.  Antelope  and  rabbits  were  the 
only  game  seen  during  the  day,  but  large  numbers  of  these  were  passed. 

Bridging  the  creek  early  the  next  morning,  the  command  crossed  a 
rolling  country,  which  had  a  fair  soil  and  a  good  growth  of  grass  on  the 
higher  portions.  It  was,  however,  intersected  by  numerous  "  coulees  " 
and  ravines.  Beaching  the  "  bad  lands  "  at  the  head  of  Cabin  Creek, 
we  encountered  a  steep  descent  to  the  valley.  Great  difficulties 
presented  themselves  to  the  advance  of  the  wagon-traiu.  The  valley 
was  narrow  and  of  a  soft  alkaline  earth  with  deep  washouts.  The 
ridges  or  bluffs  had  a  thick  growth  of  small  pine.  Worrying  through 
this  bad-land  region,  and  crossing  three  different  branches  of  Cabin 
Creek,  we  finally  reached  a  beautiful  rolling  prairie  with  fine  grass. 
Some  pools  of  snow-water  were  discovered,  and  camp  established. 

The  alkaline  bottomlands  traversed  during  the  march  were  strewn 
with  fragments  of  satin  gypsum,  which  glistened  in  the  sunlight  and 
relieved  somewhat  the  barren  aspect  of  the  scene.  First-Sergeant  Hill, 
Company  B,  Seventh  Cavalry,  informed  me  that  while  hunting  he  had 
seen  a  bed  of  lignite  burning.  His  attention  was  attracted  by  seeing 
smoke  issuing  from  a  level  spot  of  alkaline  ground.  Approaching,  he 
saw  a  fissure  about  10  feet  long  and  4  feet  wide  with  radial  arms. 
Smoke  issued  constantly,  with  now  and  then  a  puff  of  thicker,  blacker 
quality.  The  earth  crumbled  and  fell  into  the  fissures,  the  latter  grad- 
ually enlarging.    There  was  no  noise  or  upheaval. 

The  march  to  O'Fallon's  Creek  was  over  a  country  similar  to  that 
passed  the  day  before.  This  creek  was  found  to  be  about  30  feet  wide, 
with  a  soft,  muddy  bed  and  good  clear  water.  It  was  well  timbered, 
many  of  the  trees  being  of  large  size. 

The  march  of  the  next  day  carried  us  into  a  region  which,  it  is  be- 
lieved, was  never  before  traversed  by  a  wagon-train.  Starting  at  the 
usual  hour,  we  ascended  the  bluffs  immediately  west  of  camp,  and  found 
before  us  a  very  rough  and  uninteresting  country.  The  land  appeared 
to  be  entirely  worthless.  The  monotony  of  the  march  was. rendered 
still  more  dreary  by  a  cold,  drizzling  rain,  which  lasted  until  the  after- 
noon. The  ascent  to  the  "  divide"  was  loug,  but  gradual.  The  descent 
to  the  valley  of  the  Powder  was  a  difficult  and  delicate  task,  but  we 
were  more  than  repaid  by  the  view  which  was  unrolled  before  us  as  we 
reached  the  summit  of  one  of  the  hills.  The  sight  was  one  the 
remembrance  of  which  will  long  linger  with  us.  To  our  left  was  Powder 
River  Ridge,  with  its  fringe  of  pine  trees.  At  our  feet  was  the  bad-land 
formation,  with  its  deep,  yawning  chasms  and  its  various-colored  earths, 
fashioned  into  weird  and  fantastic  shapes  by  the  rains  and  floods. 
Leading  up  from  these  were  long  ravines,  with  their  thick  growth  of 
timber,  the  dark,  green  hue  of  which  formed  a  strong  and  beautiful 
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contrast  to  the  softer  and  lighter. shade  of  the  grass-covered  hills.  To 
the  right  there  stretched  out  a  rolling  country  backed  in  the  distance 
by  the  Yellowstone  bluffs,  whose  rugged  outlines  stood  forth  in  bold  re- 
lief. 

It  was  not  until  7.20  p.  m.  that  we  encamped  on  the  Powder  about  20 
miles  from  its  mouth.  The  river  at  this  point  is  200  feet  wide,  and  2  to 
3  feet  deep.  The  water  was  very  yellow,  carrying  a  lafge  amount  of 
matter  in  suspension.  The  bottom  is  at  places  gravelly,  with  bowlders 
distributed  over  it ;  but  at  others  it  is  a  treacherous  quicksand,  demand- 
ing great  caution  in  crossing.  It  commenced  to  rain  about  4  p.  m., 
Jtine  9,  and  continued  so  to  do  until  noon  of  the  10th.  On  the  after- 
noon of  the  10th,  Major  Reno,  Seventh  Cavalry,  with  six  companies  of 
his  regimeut,  left  this  camp  on  a  scout.  Lieutenant  Sturges,  Seventh 
Cavalry,  and  Lieutenant  Kinzie,  Twentieth  Infantry,  were  selected  to 
keep  a  journal  and  itinerary  of  the  march;  but  the  latter  commanded 
the  Gatling  detachment,  and  was  too  much  occupied  iu  keeping  the  gun 
with  the  cavalry  to  take  any  bearings.  The  former  unfortunately  had 
his  notebook  with  him  at  the  time  he  was  killed. 

We  broke  camp  at  5  a.  m.,  June  11,  and  commenced  the  march  to  the 
Yellowstone.  For  the  first  5  or  6  miles  the  road  was  very  rough,  beiog 
over  hilly  ground,  but  after  crossing  the  first  creek  we  ascended  to  a 
beautiful  plateau  about  3  miles  long.  Two  other  plateaus,  each  between 
3  and  4  miles  in  length,  were  traversed.  They  were  separated  by 
alkaline  creeks  with  steep  banks  of  soft  earth.  The  bottom  lands,  like 
the  valley  of  the  Powder,  were  poor  in  grass,  it  being  very  thin  and  dry. 

The  ground  was  covered  with  sage,  cactus,  and  prairie-dogs'  house*. 
The  hilly  portion  of  the  road  was  covered  with  drift,  but  this  seemed  to 
almost  entirely  disappear  on  reaching  the  plateaux.  A  march  of  20  miles 
brought  us  to  the  northwest  extremity  of  the  last  plateau,  aud  from  this 
point  the  Yellowstone  aud  the  Powder  are  both  visible.  From  this 
plateau  we  descended  to  the  open  land  formed  by  the  junction  of  the 
valleys  of  the  two  rivers.  It  was  found  to  be  very  soft,  cut  up  by 
numerous  gullies  and  abounding  in  sage,  cactus,  and  Tattle -snakes. 
Passing  over  the  almost  swampy  portion  we  finally  reached  the  banks 
of  the  Yellowstone,  and  found  a  spot  sufficiently  firm  to  enable  us  to 
establish  camp. 

The  total  distance  marched  up  to  this  time  was  318£  miles,  with  an 
average  day's  march  of  15.9  miles. 

The  grass  on  the  plateaus  and  in  the  swales  leading  down  to  the  val- 
leys was  very  fine.  There  was  but  little  timber  on  any  of  the  creeks, 
and  that  little  was  of  small  size.  On  the  descent  to  the  third  creek  we 
found  some  springs  of  very  cold  and  clear  water,  but  a  decided  alkaline 
taste  was  developed  when  the  canteens  became  heated  by  the  sun's  rays. 

The  timber  on  the  Powder  diminishes  quite  rapidly  as  the  valley  is 
descended,  but  there  is  a  thick  grove  on  the  Yellowstone  at  the  mouth 
of  the  former  stream.  We  remained  iu  this  camp  until  June  15,  on  which 
date  Lieutenant-Colonel  Custer,  with  six  companies  of  the  Seventh  Cav- 
alry and  the  pack-train,  moved  up  the  right  bank  of  the  Yellowstoue. 
Lieutenant  Wallace,  of  the  Seventh  Cavalry,  was  selected  to  keep  the 
itinerary  of  the  march.  He  did  so  until  June  25.  His  report  will  be 
found  annexed. 

The  Brigadier  General  commanding,  with  his  staff,  left  the  camp  and 
proceeded  up  the  Yellowstone  on  board  of  the  steamer  Far  West.  The 
Yellowstone  is  a  river  which  has  been  described  so  often  by  different 
persons  that  any  elaborate  account  of  its  valley  would  be  but  a  tauto- 
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logical  echo  of  the  words  of  others.    It  will  be  sufficient  to  give  bat  a 
general  account  of  the  state  of  the  river  at  the  time  we  ascended  it. 

The  width  varied  from  200  yards  to  nearly  2  miles.  The  latter  width 
was  where  the  stream  was  divided  up  into  narrow,  rapid  channels  by 
numbers  of  islands.  The  water  was  very  yellow,  and  held  great  quan- 
tities in  mechanical  suspension.    The  current  was  between  5  and  6  miles. 

The  first  rapids  we  encountered  were  about  4£  miles  above  the  mouth 
of  Powder  River,  and  the  second  about  23  or  24  miles  above  the  s  ime 
point.  The  chaunel  was  clear  of  islands  until  we  reached  Sunday  Greek. 
Here  the  river  commences  to  be  studded  at  intervals  with  very  beauti- 
ful timbered  islands,  on  many  of  which  we  saw  deer  and  elk.  The  water- 
level  gradually  fell  during  the  season,  and  by  the  1st  of  September  the 
reef  at  Wolf  Rapids  was  out  of  water,  and  impassable  by  the  steamers. 
Navigation  on  this  stream  undoubtedly  ceases  at  that  time  of  the  year. 

About  noon  June  16  we  arrived  at  the  Seventh  Cavalry  camp,  2  miles 
below  the  mouth  of  Tongue  River.  The  camp  had  been  established  on 
the  site  of  an  Indian  burying-ground.  We  saw  here  quite  a  number  of 
bodies.  Some  were  found  in  trees,  and  others  on  the  usual  scaffolds 
erected  by  the  Indians.  I  saw  at  this  place  the  dead  body  of  an  iufaut 
about  10  months  old  in  quite  a  good  state  of  preservation.  The  skiu  was 
about  the  color  of  that  of  an  Eyptian  mummy,  and  was  as  well  preserved 
as  any  mummy  I  ever  saw.  The  face  had  been  painted  red.  The  hands 
were  closed  aud  bent  upward  and  backward  on  the  arms.  .  The  feet  were 
similarly  bent  backward  on  the  legs.  This  was  probably  due  to  the  wrap- 
pings of  calico  and  buffalo  skins.  The  whole  body. was  covered  with 
what  appeared  to  be  a  salt  of  lime. 

Leaving  this  place  June  20  we  arrived  at  the  camp  of  the  Montana 
column  about  11  a.  m.  the  next  day.  Heie  we  saw  for  the  first  time  the 
Grow  scouts.  They  were  a  very  handsome  set  of  men  and  appeared  to 
be  extremely  good-natured.  They  greeted  us  with  smiles  and  hearty 
44  hows."  They  are  much  lighter  in  color  than  the  Rees,  and  of  larger 
size.  They  look  very  much  more  like  warriors  than  any  Indians  I  had 
hitherto  seen,  and  their  by  no  means  inartistic  dress  adds  much  to  their 
personal  appearance.  Their  language  is  quite  musical,  especially  when 
spoken  by  the  womeu.    It  is  not  unlike  Spanish  in  its  general  sound. 

Leaving  this  camp  we  steamed  up  to  the  camp  of  the  Seventh  Cav- 
alry, just  below  the  mouth  of  the  Rosebud.  At  uoon  the  next  day,  June 
22,  Lieuteuaut-Colonel  Custer  with  his  regiment  commenced  the  march 
which  closed  in  the  battle  of  the  Little  Big  Horn,  June  25.  The  report 
of  Lieutenant  Wallace,  appended,  contaius  the  accouut  of  this  march. 

Early  on  the  morning  of  the  24th  we  passed  Fort  Pease,  which  is 
situated  on  the  left  bank  of  the  Yellowstone  about  6£  miles  below  the 
mouth  of  the  Big  Horn.  It  consisted  of  a  stockade  with  two  block- 
houses, one  at  the  northern  and  the  other  at  the  southern  corner.  It  was 
established  as  a  trading-post  by  a  man  named  E.  D.  Pease,  but  thelndians 
continually  harassed  the  garrison  and  killed  quite  a  number  of  them. 
A  battalion  of  the  Second  Cavalry  was  ordered  to  their  relief  last  winter, 
and  the  post  was  abandoned.  In  the  afternoon  the  troops  were  trans- 
ferred to  the  right  bank  of  the  Yellowstone,  and  the  march  to  the  Little 
Big  Horu  was  commenced. 

I  ordered  Sergeant  Wilson,  with  Private  Gulligan,  to  remain  on  the 
steamer,  which  was  to  ascend  the  Big  Horn,  for  the  purpose  of  making 
as  accurate  a  survey  as  possible  of  the  river,  aud  collecting  information 
in  relation  to  the  nature  of  the  country.  His  report  is  appended  with 
map. 
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The  first  march  of  5  miles  up  the  valley  of  the  Big  Horn  brought  us 
to  Tullock's  Fork,  where  we  encamped. 

At  5  a.  m.  the  next  morning  the  march  was  resumed.  The  route  for 
the  first  3  miles  lay  in  the  valley  of  the  creek.  The  valley  is  very  nar- 
row, about  half-a-mile  wide,  and  of  no  value.  The  grass  was  rank  and 
dry.  The  bed  of  the  stream  is  about  30  feet  in  width.  The  water  was 
found  only  in  pools,  and  strongly  alkaline.  Leaving  the  valley  we 
passed  up  and  over  the  divide  between  this  stream  and  the  Big  Horn. 
The  country  was  very  rough,  with  a  miserable  soil.  It  was  a  mesh  work 
of  ravines  with  steep  sides.  Pine  trees  were  sparsedly  scattered  over 
the  hills,  and  the  ravines  were  thickly  timbered.  The  grass  was  thin 
and  short,  and  associated  with  large  quantities  of  cactus  and  isolated 
patches  of  sage-brush.  Outcroppings  of  sandstone  were  frequent,  and 
every  now  and  then  we  saw  dislodged  masses  of  this  stone  which  had 
been  weather-worn  into  curious  and  somewhat  artistic  shapes.  Here 
and  there  we  observed  conical  shaped  peaks  of  purely  white  alkaline 
earth  entirely  destitute  of  vegetation.  As  we  drew  uearer  to  the  valley 
of  the  Big  Horn  the  accidents  of  the  land  became  much  more  decided. 
The  u divide"  became  a  sinuous  backbone  and  the  ravines  much  deeper 
and  more  ramiforni.  The  sandstone  occurred  more  frequently  and  in 
larger  quantities.  From  this  divide  the  snow-capped  Big  Horn  Mount- 
ains and  canon  and  Pryor's  Mountain  were  plainly  visible,  and  at  the 
foot  of  these  the  valley  of  the  Big  Horn  gradually  sloped  down  to  the 
stream.  That  section  of  the  country  appeared  to  be  much  more  open 
and  extensive  than  any  we  had  previously  seen,  and  it  it  said  to  be  a 
fine  agricultural  region.  The  whole  surface  of  the  divide  was  covered 
with  drift,  which  contained  many  beautiful  specimens  of  agates.  The 
descent  to  the  valley  of  the  Big  Horn  was  very  precipitous  and  uncom- 
fortably difficult.  The  sun  seemed  to  concentrate  its  rays  in  this  valley, 
and  to  absolutely  pour  down  its  heat.  In  addition,  the  air  was  thick 
with  dust  which  seemed  to  overcome  the  senses.  It  was  only  when  the 
sharp  rattle  of  the  snakes  aroused  the  almost  slumbering  troopers  that 
there  appeared  to  be  any  life  left  in  the  column.  The  infantry  particu- 
larly had  a  very  severe  march,  as  there  was  no  water  to  be  obtained. 
The  latter  portion  of  the  journey  was  down  the  valley  of  a  dry  creek, 
and,  after  a  march  of  22  miles,  we  reached  the  beautiful  and  refreshing 
Big  Horn.  The  river  at  this  point  was  about  200  yards  wide,  with  a 
swift  current  of  clear,  cool  water.  It  contained  islands  which,  like  those 
of  the  Yellowstone,  were  thickly  timbered,  and  had  a  carpeting  of  most 
excellent  grass.  Besting  here  for  a  short  time,  the  command  moved  up 
the  valley  for  a  distance  of  about  a  mile  and  a  half,  when  the  infantry 
encamped  in  the  thickly-timbered  bottom.  The  Brigadier-General  com- 
manding with  the  cavalry  pushed  on,  and  a  very  disagreeable  march  we 
made  of  it.  The  night  was  cold  and  wet,  and  so  dark  that  nothing  could 
be  seen  at  any  distance  in  front  of  us.  After  much  difficulty  we  suc- 
ceeded in  finding  a  creek  which  contained  a  pool  of  alkaline  water,  and 
the  remainder  of  the  night  we  passed  in  a  slough  of  mud  and  disgust 

Breaking  camp  the  next  morning,  we  moved  toward  the  Little  Big 
Horn.  Grossing  a  tributary  of  the  latter  stream,  we  ascended  the  high 
bluffs  to  the  plateau  above.  Here  the  infantry  rejoined  us,  and  here  for 
the  first  time  we  heard  of  Custer's  fight.  Two  of  the  Crow  scouts  who 
had  been  sent  with  Custer  were  brought  to  the  column  by  Lieutenant 
Bradley,  of  the  Seventh  Infantry.  They  reported  that  Custer's  com- 
mand had  been  "  wiped  out."  This  report  was  not  believed  at  that  time, 
and  the  command  moved  on.  The  country  traversed  before  reaching 
the  valley  of  the  Little  Big  Horn  was  that  of  the  usual  description  of 
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high  lands  west  of  the  Missouri.  Descending  to  the  valley  of  the  Little 
Big  Horn  we  crossed  that  river  about  9  miles  above  its  mouth.  The 
march  was  continued  up  the  valley  of  this  stream  for  a  distance  of  5£ 
miles.  At  this  point  we  first  saw  hostile  Indians.  About  7  p.  m.,  on 
this  date,  June  26,  scouts  came  in  with  the  report  that  they  had  been 
fired  upon.  A  halt  was  ordered  aud  on  the  hills  in  front  of  us  were  seen 
bodies  of  mounted  meu.  As  well  as  I  could  judge  by  the  eye,  I  should 
say  the  nearest  were  within  about  2  miles.  They  remained  standiug  and 
regarding  us  intently.  They  were  formed  in  regular  order  with  one  man 
a  short  distance  in  advance.  They  were  at  first  supposed  to  be  Custer's 
men,  but  Lieutenant  Roe  of  the  Second  Cavalry  was  sent  with  one  com- 
pany to  reconnoiter,  and,  on  showing  a  white  flag  for  a  parley,  was  fired 
upon.  The  Indians  slowly  moved  off  in  the  direction  of  the  Big  Horn. 
We  went  into  camp  in  the  middle  of  the  valley  of  the  Little  Big  Horn, 
about  9  p.  m.  This  valley  is  about  1J  miles  wide;  the  soil  is  good  and 
the  grass  very  fine.  There  is  but  little  cactus  or  sage.  The  stream 
varies  in  width  from  about  30  to  75  yards.  The  current  is  rapid;  the 
bottom  a  fine  gravel,  and  the  water  beautifully  clear  aud  sweet.  It  is 
well  lined  with  timber,  much  of.  it  being  of  large  size.  The  next  morn- 
t  ing  (June  27)  we  resumed  the  march  up  the  valley.  In  moving  over 
the  hills  about  2  miles  from  camp,  we  crossed  the  trail  made  by  the  Indi- 
ans the  night  before.  From  these  hills  we  saw  two  teepees  in  the  valley 
beyoud.  Continuing  the  march  we  soon  descended  to  the  valley  and 
arrived  at  the  teepees,  which  were  found  to  contain  the  dead  bodies  of 
Indians,  and  which  were  all  that  remained  of  what  had  been  a  large 
Indian  village.  Information  was  soon  brought  to  us  by  Lieutenant  Wal- 
lace that  Major  Reno  with  a  portion  of  the  Seventh  Cavalry  was  in- 
trenched on  the  bluffs.  After  a  march  of  about  9  miles  we  encamped  in 
the  valley  at  the  foot  of  the  bluffs,  which  had  been  the  site  of  a  siege 
for  nearly  two  days.  We  remained  in  this  camp  until  the  evening  of  the 
next  day  when  the  command  was  moved  down  the  valley  a  distance  of 
about  4  J  miles. 

The  next  day  a  survey  of  the  field  was  made,  and  in  the  afternoon  the 
command  again  moved  with  the  wounded  in  the  direction  of  the  mouth 
of  the  Little  Big  Horn.  News  having  been  received  that  the  steamer 
was  at  the  mouth  of  the  river,  a  night  march  was  made,  and  at  I  a.  m.  all 
the  wounded  were  safely  and  comfortably  settled  on  board. 

July  3  fouud  us  in  camp  on  the  Yellowstone  about  3  miles  below  the 
mouth  of  the  Big  Horn.  We  remained  in  this  camp  until  July  22,  when 
the  command  was  moved  by  Colonel  Gibbon  to  a  point  a  short  distance 
below  Fort  Pease.  At  this  latter,  camp  the  mosquitoes  were  almost  in- 
tolerable. On  the  night  of  July  14  we  were  visited  by  a  severe  storm, 
and  about  3  a.  m.  of  the  15th  the  camp  was  flooded,  the  water  being 
about  a  foot  in  depth. 

On  the  27th  of  July  the  command  was  moved  to  a  camp  opposite  the 
Rosebud  where  Gibbon's  command  arrived  July  30.  In  this  camp  we 
remained  until  August  6,  on  which  date  the  forces,  with  the  exceptiou 
of  the  guard  for  the  supply -camp,  were  crossed  to  the  right  bank  of  the 
Yellowstone.  During  this  time  the  re-enforcements,  consisting  of  six 
companies  of  the  Fifth  and  Twenty-second  Regiments  of  Infantry  each, 
arrived.  In  the  mean  time,  also,  the  battery  had  been  changed,  two 
3  inch  rifles  and  one  Napoleon  having  been  substituted  for  the  Gatlings. 

On  August  7  we  experienced  the  warmest  weather  of  the  season,  the 
thermometer  reaching  110°  in  the  shade. 

At  5  a.  m.,  August  8,  the  command  commenced  its  march  up  the  val- 
ley of  the  Rosebud.    The  stream  is  well  timbered  near  its  mouth,  but 
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the  grass  is  poor,  and  the  water  was  unfit  for  use.  As  we  advanced  up 
the  valley  it  became  narrower  and  thickly  timbered,  with  plenty  of 
grass,  bat  not  of  a  very  good  quality.  There  was  bat  little  water  iu  the 
stream  and  that  was  bad  along  the  whole  distance  traveled  by  us.  The 
valley  consists  of  alternations  of  bad  lands  and  narrow  reaches  of  bot- 
tom-lands covered  with  grass,  rose-bushes,  juniper,  and  cottonwood. 
Great  quantities  of  dead  timber  were  found  strewn  over  the  ground. 
The  first  day's  march  was  severe  as  the  weather  was  very  warm.  The 
next  day  we  were  visited  by  a  very  cold  rain,  but  August  10  was  de- 
lightfully cool  and  pleasant.  We  passed  the  sites  of  three  old  Indian 
c  mps.  During  this  march  of  36J  miles  twenty-one  artificial  crossings 
were  constructed  and  much  road-cutting  was  also  necessary. 

About  noon,  August  10,  we  met  the  command  from  the  Department 
of  the  Platte,  and  the  two  forces  encamped  together  that  night  on  the 
Rosebud. 

At  11.30  a.  ro.,  August  11,  the  two  commands  started  on  the  Indian 
trail.  The  wagon-train  was  sent  back  to  the  supply-camp  on  the  Yel- 
lowstone, and  tbe  pack-mules  were  again  resorted  to. 

Leaving  the  valley  of  the  Rosebud  and  ascending  the  hills,  we  found 
before  us  an  excellent  grazing  country.  The  soil  was  poor,  being  often 
of  a  decided  red,  giving  up  clouds  of  dust;  and  yet  the  grass  was  fine 
and  of  most  luxurious  growth.  The  usual  covering  of  gravel  was  pres- 
ent, and  the  descent  to  the  Tongue  was  very  steep  and  difficult,  tbe 
earth  being  very  loose  and  full  of  pebbles,  bowlders,  and  detached  pieces 
of  shale.  The  Tongue  was  crossed  after  a  march  of  10  miles  in  an  almost 
due  easterly  direction.  The  river  was  at  this  point  about  knee-deep, 
beautifully  clear,  and  with  a  firm  gravel-bed  and  rapid  current.  Tbe 
water  was  cold  and  sweet. 

A  march  of  a  few  miles  down  the  valley  brought  us  to  the  camping- 
place.  The  grass  was  very  rich  and  in  profusion,  and  there  was  plenty 
of  cottonwood  interspersed  here  and  there  with  ash  of  small  size.  A 
heavy  and  continuous  rain  fell  during  the  night,  and  as  no  tents  were 
allowed  everything  was  drenched.  The  rain  continued  until  about  noon 
the  next  day,  when  the  mules  were  packed  with  their  soaked  loads,  and 
the  journey  down  the  valley  of  the  Tongue  was  recommenced.  For  a 
distance  of  about  10  miles  along  the  route  the  valley  is  not  only  pictur- 
esque and  varied  as  to  its  scenery,  but  of  excellent  quality  as  to  its  soil. 
The  grass  was  the  finest  that  had  yet  been  seen  by  us,  and  while  the 
valley  itself  is  capable  of  being  converted  into  fine  gardens,  the  grazing 
upon  the  hills  and  high  lauds  made  it  appear  to  be,  with  the  exceptiou 
of  the  Yellowstone,  the  most  desirable  portion  of  that  section  of  the 
country.  Tbe  only  game  were  ducks,  geese,  and  sage-fowl.  This  was 
probably  due  to  the  fact  that  the  Indians  bad  passed  up  and  down  the 
valley.    There  was  some  pine  on  the  hills  aud  in  the  ravines. 

The  trail  which  we  had  been  following  was  large  and  the  evidences 
of  trains  having  passed  were  marked  and  numerous,  but  they  were 
not;  as  afterwards  proved,  of  very  recent  date. 

At  a  distance  of  about  13  miles  the  nature  of  the  valley  had  gradually 
changed.  The  timber  had  beeome  of  poorer  quality  and  much  more 
scarce.  The  soil  became  of  much  less  value ;  the  grouud  was  cut  up  by 
deep  and  frequently  occurring  ravines,  and  the  banks  of  the  river  be- 
came higher  and  steeper.  The  usual  accompaniments  of  uninteresting 
land,  sage  and  cactus,  appeared  in  unwelcome  frequency  and  profusion. 
Large  amounts  of  lignite  were  seen  in  the  deep  washouts,  and  at  times 
tbe  road  became  rather  dangerous  on  account  of  the  subterranean  pas- 
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sages  leading  from  these  washouts  to  the  river.    The  rain  cod  tinned  all 
night. 

The  son  shone  brightly  the  next  morning,  Sunday,  August  13,  bnt  it 
again  rained  during  the  night.  The  nature  of  the  valley  was  similar  to 
that  already  described. 

The  next  day's  march  brought  us  to  our  camp  on  Pumpkin  Creek,  a 
tributary  of  the  Tongue.  The  valley  of  this  creek  is  of  the  same  de- 
scription as  that  of  the  Tongue ;  only  being  one  of  the  third  order,  it  is 
smaller.  The  stream  was  well  wooded.  The  bed  was  hard  gravel,  but 
in  consequence  of  the  late  rains  the  water  was  simply  liquid  mud. 
Fortunately  springs  were  discovered.    Bain  fell  during  the  night. 

The  next  day  the  route  lay  over  a  very  broken  and  sterile  country ;  in 
fact  for  some  miles  it  was  of  the  pure  and  unadulterated  "bad  land" 
nature.  Crossing  the  divide  we  traveled  along  the  valley  of  a  small 
creek,  a  tributary  of  the  Mizpah,  and  thence  we  descended  to*  the  valley 
of  Powder  River,  striking  the  latter  just  where  it  receives  Mizpah  Creek. 
It  rained  for  four  hours  that  afternoon. 

In  consequence  of  the  poor  condition  of  the  horses,  both  commands 
left  this  camp  the  next  day  and  marched  down  to  the  Yellowstone, 
arriving  there  on  the  afternoon  of  August  17.  We  fouud  that  the  In- 
dians had  burned  much  of  the  grass. 

We  remained  near  the  mouth  of  the  Powder  in  a  very  disagreeable 
camp  ou  the  bare  sand  until  August  25.  During  that  time  we  were 
visited  by  two  cold  and  severe  rain-storms,  which  flooded  the  infantry 
camp. 

August  25,  we  marched  up  the  valley  of  the  Powder  again  to  find 
the  Indian  trail  and  follow  it.  That  evening  one  of  the  scouts  brought 
news  that  the  boats  had  been  fired  into  at  Glendive  Creek.  The  next 
morning  the  command  from  the  Department  of  the  Platte  followed 
the  Indian  trail.  The  Brigadier-General  commanding  this  Department, 
accompanied  by  his  staff  and  one  company  of  the  Second  Cavalry,  re- 
turned to  the  ooats  at  the  month  of  the  Powder.  The  remainder  of  the 
troops,  under  command  of  Colonel  Gibbon,  marched  down  to  a  point  on 
the  Yellowstone  about  2  miles  below  the  mouth  of  O'Tallon's  Creek, 
where  they  were  crossed  to  the  north  side  of  *the  river  by  the  steamers 
which  had  descended  the  stream  for  this  purpose.  About  dusk  tho 
same  day,  August  27,  the  command  moved  up  the  valley  of  a  dry  creek, 
and  encamped,  without  \y ood  or  water,  after  a  march  of  6£  miles. 

The  next  morning  we  crossed  in  an  almost  due  northerly  direction 
to  Bad  Route  Creek,  where  delightful  water  was  found,  and  we  were 
enabled  to  break  our  fast. 

Moving  out  from  this  halting-place,  we  followed  up  the  "divide"  of 
Bad  Route  Creek.  The  grazing  was  good,  but  the  ground  appeared 
parched  and  dry.  There  was  very  little  water,  and  no  timber  was  seen 
except  on  the  stream  and  its  tributaries.  At  a  distance  of  about  13 
miles  from  our  camp  we  halted  at  the  headwaters  of  one  of  these  trib- 
utaries. Here  we  found  the  grass  very  fresh  and  green,  and  the  ground 
sown  with  flowers  of  divers  and  beautiful  colors.  The  rose-bushes  with 
their  bright-red  berries,  the  large  cotton  wood,  and  the  straight  ash, 
added  their  charms  and  the  comfort  of  shade  to  the  scene.  Springs  of 
clear,  cold  water  were  discovered.  A  farther  march  of  8  miles  brought 
us  again  to  Bad  Route  Creek,  where  we  found  excellent  water  in  pools, 
plenty  of  wood,  and  good  grass.  During  this  last  part  of  the  day's 
march  all  who  were  mounted  were  attacked  by  swarms  of  winged  ants. 
Strange  to  say,  the  infantry  were  not  troubled  by  them. 

The  next  day,  August  29,  we  traveled  northward  towards  the  Mis- 
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souri-Yellowstone  "  divide."  When  near  the  "  divide,"  we  ran  into  a 
herd  of  between  2,000  and  3,000  buffalo.  Great  numbers  of  antelope  also 
were  seen. 

Upon  reaching  Clear  Greek  we  tamed  southeast,  and  after  a  march  of 
about  7  miles  down  the  valley  of  the  creek  we  encamped  near  some  pools 
of  most  villainous  water.  Attempts  were  made  by  digging  to  obtain 
water  which  would  be  free  from  any  taste  or  odor  of  the  buffalo,  but  only 
partial  success  was  attained.  Up  to  this  point  the  country  had  been  a 
most  excellent  grazing  one,  and  is  easily  practicable  for  a  wagon-train, 
with  the  exception  of  a  very  narrow  stretch  of  "  bad-lands,"  about  8 
miles  from  the  Yellowstone.  But  even  this  could  readily  be  made  so. 
It  is  believed  that  a  wagon-train  could  travel  northeast  from  the  Yellow- 
stone to  the  Missouri  without  trouble,  saving,  perhaps,  that  to  be  encoun- 
tered at  the  bluffs  of  the  Missouri.  One  very  delightful  change  which 
we  experienced  in  crossing  this  section  was  the  almost  total  absence  of 
sage  or  cactus. 

Leaving  Clear  Creek  and  traveling  in  a  direction  a  little  north  of  east 
we  crossed  the  small  streams  which  unite  to  form  Spring  Creek.  We 
found  in  them  very  good  water  in  pools.  Leaving  these  latter  streams 
the  country  gradually  changed,  the  alkaline  formation  became  more 
apparent,  the  grazing  became  more  scarce  and  of  inferior  quality. 
Positively  defined  bad-lands  made  their  appearance  as  we  n eared  Deer 
Creek,  and  extended  to  the  creek  itself.  The  upper  portion  of  this 
creek  is  very  narrow,  with  low  bottom-lands  of  slight  width.  The 
stream  bad  a  reddish  hue,  due  to  vegetable  matter  in  the  bed.  The  tim- 
ber on  the  creek  commences  about  2  miles  below  where  we  encamped. 
There  were  quantities  of  bullberries  growing  on  the  banks.  These  berries 
are  about  the  size  and  of  the  color  of  currants,  and  have  very  nearly 
the  same  taste.  At  that  time  (before  frost)  they  had  quite  an  astringent, 
acid  taste.  The  bush  is  a  thorn,  with  olive-green,  elongated  elliptical- 
shaped  leaves.  The  bush  grows  as  high  as  20  feet,  but  the  average 
height  is  about  10  feet.  These  berries  furnished  us  at  that  time  with  an 
acid  which  satisfied  a  craving  that  had  possessed  us  for  some  days. 

The  next  day's  march  was  down  the  valley  of  Deer  Creek.  This 
valley  is  very  confined  and  utterly  worthless,  except  in  spots,  where 
grazing  is  fair ;  but  even  here  the  spear- grass  is  abundant.  The  bench  is 
narrow,  and  the  bad-lands  commence  on  each  side  at  the  edge  of  the 
bench.  The  only  timber  is  cotton  wood  and  ash,  and  very  little  of  these, 
except  within  about  3  miles  of  the  Yellowstone,  where  the  stream  com- 
mences to  be  thickly  timbered.  The  bed  is  gravel  and  clay.  The  water 
was  found  in  pools,  but  was  not  unpleasant  except  near  the  Yellowstone. 
Sage  and  cactus  were  found  in  profusiou.  A  few  ducks  but  no  other 
game  of  any  description  were  seen.  Rattlesnakes  infested  the  whole 
valley.  The  command  remained  in  camp  opposite  Glendive  Creek  until 
September  6,  when  the  Fifth  Infantry  were  sent  to  Tongue  River,  and 
the  Montana  column  commenced  its  homeward  march. 

The  Brigadier  General  commanding,  with  his  staff,  arrived  at  Fort 
Buford  September  7,  and  receiving  orders  to  return  to  Saint  Paul,  my 
connection  with  the  troops  in  the  field  ceased  on  that  date. 

r£sum£0 

The  geological  information  obtained  on  this  campaign  is  very  meager, 
as  would  naturally  be  expected.  The  expedition  having  been  purely  a 
military  one,  escorts  could  not  be  furnished  for  examination  of  the 
country  at  any  great  distance  from  the  trail,  and,  in  addition  to  this,  the 
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crossing  of  streams  pnd  road-making  required  so  much  attention  and 
time,  that  bat  a  cursory  examination  even  of  the  trail  could  be  made. 
In  fact,  any  full  report  of  the  geological  formation  of  that  region  would 
contain  nothing  new,  as  Warren,  Raynolds,  Ludlow,  and  others  have 
submitted  very  exhaustive  reports  on  that  subject.  It  is  sufficient,  in 
dismissing  this  subject,  to  say  that  the  little  knowledge  gained  is  dotted 
here  and  there  through  the  body  of  the  report. 

Agriculturally  considered,  the  different  sections  of  the  country  trav- 
ersed can  be  classified  into  but  two  grades,  fair  and  worthless.  Tbe  fair 
sections  are  of  the  same  quality  as  the  land  immediately  around  Fort 
Lincoln  and  Bismarck.    The  soil  is  a  sandy  loam  with  a  sub-soil  of  clay. 

Tbe  following  information,  which  I  received  from  Mr.  Kellogg,  a 
correspondent  of  the  New  York  Herald  resident  in  Bismarck,  may  con- 
vey some  slight  idea  of  what  such  a  country  is  capable  of  producing. 

In  reply  to  questions  concerning  the  laud  around  Bismarck,  I  learned 
that  vegetables  grew  very  finely.  Potatoes  of  tbe  season  of  1875  were 
very  large ;  picked  ones  measured  12  to  the  bushel.  Cereals  have  not 
been  extensively  tested,  but  Omaha  and  Indian  corn  grow  finely,  and 
white  dent  very  well.  Hay  is  taken  from  the  bottom-lands  and  swales, 
the  former  yielding  about  2  tons,  and  the  latter  from  one-half  to  1  ton 
to  the  acre.  Cottonwood  is  the  almost  universal  timber.  A  species  of 
pine  is  found  on  the  hills  and  in  the  ravines  leading  down  from  them, 
but  it  is  of  light  growth.  Sergeant  Wilson,  of  the  engineer  detachment, 
reports  that  he  saw  quite  a  large  amount  of  pine  in  the  valley  of  the 
Big  Horn,  ranging  from  about  1  to  1$  foot  in  diameter.  Occasionally 
box  elder,  ash,  and  scrub-oak  are  encouutered  in  small  quantities.  The 
timber  is  confined  almost  entirely  to  the  stream-bottoms  and  to  ravines, 
and  is  seldom  found  to  extend  more  than  a  few  hundred  yards  from  the 
water's  edge. 

The  winters  are  long,  with  5  months  of  cold  weather,  the  mercury 
often  standing  at  39°  plus  below  zero. 

Another  great  drawback  is  the  universally  conceded  slight  rain-fall. 
I  learn  that  it  is  about  8  inches,  and  mostly  cou fined  to  the  spring.  This 
has  been  stated  by  so  many  that  I  suppose  it  must  be  true,  but  during 
last  summer  fully  6  inches  of  rain  fell.  This  amount  is  a  mere  matter 
of  judgment  on  my  part,  as  I  had  no  instruments  by  means  of  which  the 
true  amount  of  fall  could  be  ascertained.  Even  after  heavy  rains  the 
soil  rapidly  becomes  dry  and  crumbly,  but  this  may  be  due  to  the  fact 
that  it  has  not  been  turned  or  broken. 

The  question  of  the  feasibility  of  sufficient  irrigation  I  am  not  pre- 
pared to  discuss.  Tbe  water  is  universally  what,  in  the  common  par- 
lance, is  termed  "  alkaline.77  The  different  streams  are  all  of  the  same 
nature,  differing  from  each  other  only  in  a  quantitative  composition.  I 
brought  with  me  to  Saint  Paul  tightly -corked  samples  of  the  Yellowstone, 
Powder,  Tongue,  and  Rosebud  waters.  It  is  found,  from  the  qualitative 
analysis  which  my  private  means  would  allow  me  to  make,  that  they 
are,  as  stated  above,  similar  each  to  the  other,  containing  sulphate,  car- 
bonate, and  chloride  of  lime,  magnesia,  carbonate  of  soda,  (?)  and  chlo- 
ride of  sodium.  The  tests  for  nitrates  and  iron  gave  no  results.  The 
amount  of  substances  held  iu  mechanical  suspension,  (silicates  and  clay,) 
as  well  as  of  the  organic  matter,  is  great.  From  the  slow  rate  of  pre- 
cipitation by  permanganate  of  potash,  it  is  presumed  that  the  organic 
matter  is  largely,  if  not  entirely,  vegetable.  On  uucorking  the  bottles 
the  odor  of  sulphureted  hydrogen  was  very  strong.  The  corks  were 
found  to  be  blackened  and  covered  with  the  superincumbent  white  de- 
posit which  all  sulphur- waters  produce.    I  have  neither  the  experience 
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nor  the  means  to  enable  me  to  make  a  quantitative  analysis,  and  am  lim- 
ited in  this  regard  to  saying  that  only  the  Rosebud  and  Powder,  of  the 
larger  streams,  have  a  perceptible  alkaline  taste — the  latter  being  simply 
perceptible,  and  the  former  repulsively  strong.  Numbers  of  the  smaller 
streams,  such  as  Tullock's  Fork,  are  very  bad  iu  this  respect. 

The  country  generally  affords  excellent  grazing.  The  high  lands  have 
a  fine  growth  of  buffalo  and  bunch  grass,  and  the  bottom  lands,  in  ad- 
dition to  these,  have  the  favorite  of  the  stock,  the  beautiful  gamma,  and 
a  jointed  grass  which  the  horses  devoured  with  avidity.  In  some  valleys 
there  is  to  be  found  a  small  amount  of  wild  rye.  Sage  and  cactus  meet 
the  eye  at  almost  every  step,  and  occasionally  a  running  vine  like  growth 
of  juniper  is  encountered.  Hordes  of  grasshoppers  almost  every  season 
infest  the  whole  region. 

The  planting  of  trees  has  been  commenced  in  Dakota  along  the  line 
of  the  Northern  Pacific  Railroad,  and  has  so  far  been  successful.  There 
is  no  reason  why  similar  success  should  not  be  obtained  farther  west. 

As  a  summation,  I  should  say  that,  in  the  terms  of  the  classification 
mentioned  above,  the  valleys  of  the  Yellowstone,  Big  Horn,  Little  Big 
Horn,  and  Tongue  are  fair,  and  those  of  the  Rosebud,  Powder,  Little 
Missouri,  and  Tullock's  Fork,  so  far  as  traversed,  are  worthless,  and  are 
to  be  regarded  only  as  places  where  venomous  snakes  may  fitly  knot 
and  gender. 

The  amount  of  astronomical  work  accomplished  during  the  season 
was  but  small.  This  was  due  to  bad  weather  early  in  the  season  and 
later  to  the  want  of  transportation  for  the  instruments.  It  cannot  be 
expected  that  on  a  campaign  against  hostile  Iudians,  when  it  is  difficult 
to  obtain  transportation  for  even  the  indispensable  articles  pertaining 
to  an  armed  force,  chronometers  and  instruments  can  be  carried.  In 
addition  to  this,  when  pack-mules  are  nsed,  the  line  of  march  is  not  as 
carefully  selected  as  if  the  column  were  attended  by  a  wagon-train,  and 
consequently  it  is  believed  that  the  rates  of  the  chronometers  would  be 
so  irregular,  that  unreliable  results  would  be  obtained.  Therefore,  the 
instruments  were  left  on  the  steamer  at  the  time  when  pack-mules  were 
substituted  for  the  wagon-train  as  the  means  of  transportation. 

Observations  were  taken  May  11,  at  Fort  Lincoln,  to  determine  the 
error  of  the  chronometers.  At  the  following  places  also  observations 
were  taken  :  May  23,  Young  Men's  Butte ;  May  25,  North  Fork  of  Heart 
River;  May  29,  Little  Missouri  River ;  June  3,  Big  Beaver  Creek;  June 
8  and  10,  Powder  River ;  June  12  and  14,  Yellowstone  River ;  June  16 
and  18,  mouth  of  Tongue  River. 

In  crossing  the  badlands  immediately  west  of  the  Little  Missouri,  the 
chronometers  "  jumped,"  and,  on  account  of  the  bad  weather  noted  in 
the  body  of  the  report,  it  was  impossible  to  detect  the  fact  until  too  late. 

As  the  longitude-determinations  depended  entirely  upon  the  differ- 
ences of  chronometric  errors  at  Fort  Liucoln  and  at  the  new  points,  the 
observations  west  of  the  Little  Missouri  are  valueless. 

Annexed  will  be  found  a  table  giving  the  times  of  departure  and 
arrival,  the  barometric  and  thermometric  readings,  with  the  resulting 
elevations,  the  distances  traveled  as  indicated  by  the  odometers,  and  the 
few  latitude  and  longitude  results  obtaiued. 

It  is  thought  that  a  few  remarks  in  reference  to  one  serious  defect  in 
the  organization  of  the  columns  operating  in  the  field  during  the  cam- 
paign will  not  be  out  of  place. 

That  defect  was  the  absence  of  a  good  bridge-train.  On  leaving  Fort 
Lincoln  there  were  placed  under  my  orders  two  wagons  containing  tools 
and  some  l£*inch  pine  plank,  and  some  2  by  4  and  3  by  6  pine  pieces. 
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This  crude  bridge-material  had  been  collected  by  the  post  quartermaster, 
Capt.  H.  J.  Nowlau,  Seventh  Cavalry,  and  the  very  fact  that  though  sim- 
ple it  was  of  incalculable  benefit  only  shows  how  useful  and  valuable  a 
small  canvas  ponton-train  would  have  been.  I  am  free  to  say  that  I  think 
no  supply-train  should  be  sent  into  that  western  country  without  at  least 
two  trestles,  four  canvas  pontons,  and  the  accompanying  bridge  mate- 
rial. Four  pontons  are  estimated,  because  a  substantial  raft  could  be 
made  of  that  number  for  crossing  the  larger  streams.  If  these  could 
not  be  obtained  from  the  regular  engineer  depot,  the  Quartermaster's 
Department  should  be  called  upon  to  construct  them  in  accordance  with 
proper  plans  and  specifications. 

Last  season  the  material  mentioned  above  saved  the  column  many 
miles  of  hard  marching  and  great  loss  of  time,  but,  unfortunately,  the 
supply  was  soon  exhausted,  and  it  then  became  necessary  to  resort  to 
the  long,  tedious,  and  uninteresting  operation  of  filling  in  the  bed  of 
the  stream  to  be  crossed.  *If  is  thought,  also,  that  there  should  accom- 
pany each  column  a  detail  of  men  whose  sole  duty  should  be  to  con- 
struct and  care  for  the  bridges.  Much  time  would  be  saved  by  thus 
having  men  who  would  be.  familiar  with  the  work,  and  who  would  take 
a  greater  interest  in  it  than  can  be  expected  of  those  who  are  detailed 
from  day  to  day. 

The  wagon-train  made  59  crossings  in  all,  and  the  average  time  con- 
sumed in  making  these  crossings  was  40  minutes  each.  As  a  matter  of 
interest,  there  will  follow  a  description  of  some  of  the  methods  of  cross- 
ing streams  which  have  been  or  can  be  employed  by  our  troops  in  the 
western  country. 

1st.  By  filling  in  the  bed  of  the  stream  or  ravine  with  logs,  covering 
these  with  a  layer  of  brush,  and  in  turn  covering  the  brush  with  a  thick 
layer  of  sod  or  earth.  It  is  very  seldom  that  the  time  can  be  allowed 
lor  carrying  this  structure  high  enough,  and  consequently  the  ap- 
proaches must  be  cut  quite  deep ;  and  experience  has  shown  that  there 
is  not  more  than  one  teamster  in  twenty  who  will  not  let  his  team  run 
down  the  slope  of  the  approach,  and  strike  the  causeway  with  a  heavy 
thud,  thus  breaking  through  the  road  bed  and  requiring  constant  work 
of  refilling.  The  brush  usjsd  may  be  sage,  willow,  and  young  cotton- 
wood.  The  sage  is  by  far  the  most  easily  manipulated  and  the  most 
enduring.  Logs,  to  act  as  side-rails,  should  be  laid,  and  the  roadway 
should  be  at  least  15  feet  broad.  The  axes  of  the  approaches  and  the 
crossing  should  be  in  the  same  plane,  perpendicular  to  the  axis  of  the 
stream.  This  would  seem  a  trivial  remark,  but  it  was  observed  last 
summer  that,  unless  closely  watched,  the  meu  would,  unconsciously,  de- 
viate from  the  proper  direction,  and  the  crossing  would  be  oblique  to  the 
stream.    Whenever  that  happened,  there  was  trouble  with  the  teamsters. 

2d.  By  making  a  crib-work  of  spare  wagon-tongues,  and  laying  others 
covered  with  sod  to  form  the  roadway.  The  wagon-pole  is  of  oak,  and 
10.7  feet  long.    (See  Fig.  2.) 

3d.  By  employing  the  bull-ropes  or  fifth-chains  as  suspension-cables, 
and  laying  at  the  bottom  of  the  catenary  three  or  four  wagon-tongues 
to  act  as  a  species  of  girder.  The  flooring  is  laid  with  other  wagon - 
tongues,  and  the  whole  covered  with  sod.  To  prevent  swaying,  lariats 
may  be  fastened  to  the  ropes  and  anchored  to  tfie  shore.  (See  Fig.  3.) 
This  method  is,  of  course,  limited  to  timbered  streams  and  to  those 
which  are  a  little  less  in  width  than  twice  the  length  of  a  wagon-tongue, 
or  21  feet. 

4th.  By  employing  floatiug  piers,  each  consisting  of  a  wagon-body 
placed  over  the  number  of  empty  water-kegs  that  can  be  confined  with- 
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in  the  body.     The  roadway,  as  before,  is  formed  of  wagon  tongues. 
Lariats  can  be  used  as  anchoring-cables  for  the  piers. 

To  determine  what  weight,  approximately,  will  be  borne  by  such  a 
pier,  the  following  formulae  will  be  used : 

W  =  {v  x  62.5  pounds)  —  K. 

a  +  b      ,  *d%      .         ,/a  +  ^ 

=  a    v  = 


*>—(rV) 


2     --     --     4 

in  which 

W  =  weight  in  pounds  which  a  keg  will  bear. 
K  =  weight  in  pouuds  of  the  keg. 
v  =  volume  of  the  keg  in  cubic  feet. 
I  =  length  of  the  keg. 
a  =  diameter  at  bung. 
b  =  diameter  at  end.  # 

d  =  mean  diameter. 
The  values  which  follow  were  determined  for  the  10  gallon  keg,  by 
Lieutenant  Nave  ,Seventh  Cavalry,  and  Private  Goslin,  Engineer  Bat- 
talion. 

ttt      M          *           « +  &     1-372  + 1.02      „  ^M 
K  =  21  pounds.        — ^—  = j- =  1.196. 

I  =  1.708  feet 

a  =  1.372  feet.        v  =  *  b  (^y^Y=  3.U16  x  1.708  x  (1.196)  * 

b  =  1.02  feet.  v  =  7.6754 

W  =  (7.675  x  62.5  pounds)  —  (21  pounds)  =  479.69  pounds  —  21  pounds 
=  458.69  pounds. 

That  is,  each  keg  is  capable  of  sustaining  a  weight  of  458.69  pounds. 

The  interior  dimensions  of  the  6-mule  army-wagon  body  are  as  fol- 
lows :  depth,  2  feet ;  length,  10  feet ;  width,  3.58  feet. 

Fourteen  10-gallon  kegs  will  about  fill  a  wagon-body  of  the  above 
dimensions;  and  hence  each  set  of  kegs  will  virtually  sustain  a  weight 
of  fourteen  times  458.09  pounds,  or  6,421.66  pounds.  Subtracting  from 
this  the  average  weight  of  the  body,  (423  pounds,)  we  shall  have  5,998.66 
pounds  as  the  weight  which  can  be  borne  by  each  pier. 

The  dimensions  of  the  wagon-tongue  are  as  follows : 

Length  of  tongue  =      10.7  feet. 

Breadth  at  point=B'=  2.5  inches. 

Depth  at  point =D'=    2.5  iuches. 

Breadth  at  butt=B"=  3.88  inches. 

Depth  at  butt=D"=     2.75  inches. 

Mean  bread th=B'=     3.19  iuches. 
Mean  depth=D'=         2.625  inches. 

Supposing  the  tongues  not  to  lap  on  the  piers,  we  shall  have  for  the 
length  of  tongue  between  supports 

L  =  7.12. 

Substituting  these  values  in  the  formula  for  a  beam  resting  upon  two 

supports,  or  * 

_      6fcBD* 
W  =  — j— 

we  shall  have 

•  319  X  (2.625)* 

W  ~       712  x  12       x  ljiW) 
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or 

W  =  308.8 

and  dividing  by  4,  the  factor  of  safety,  we  have 

W  =  77. 

The  average  weight  of  the  army-wagon  is  1,800  pounds,  and  assuming 
the  weight  of  a  mcde  as  1,000  pounds,  we  shall  have  7,800  pounds  as  the 
weight  of  the  wagon  and  6-mule  team.  Assuming,  now,  the  average 
weight  of  load  to  be  4,000  pounds,  we  shall  have  11,800  pounds  as  the 
weight  on  the  bridge. 

The  total  length  of  bridge  occupied  by  wagon  and  team  is  49  feet, 
and  consequently  the  load  per  running  foot  is  241  pounds,  nearly. 
Beferring  to  the  breaking  weight  of  the  tongue,  we  see  that  4  tongues 
laid  as  balks  are  sufficient ;  40  tongues  will  be  required  for  flooring,  if 
laid  close.  There  will  then  be  in  all  44  tongues,  weighing  28  pounds 
each.  In  other  words,  each  bay,  exclusive  of  the  piers,  will  weigh  1,232 
pounds,  or  115.1  pounds  per  running  foot.  We  have  as  the  weight  of 
49  feet  of  bridge,  with  load,  11,800  pouuds  plus  115.1  pounds  x  49,  or 
17,440  pounds,  nearly.  This  weight  will  be  borne  by  at  least  five  piers. 
But  we  have  seen  above  that  each  pier  will  support  5,998.66  pounds, 
and  consequently  five  piers  would  support  29,993.3.  In  other  words, 
the  bridge  would  have  nearly  double  the  strength  absolutely  necessary. 
It  is  also  to  be  seen  that  any  field-battery  can  be  crossed  on  such  a 
bridge.  A  similar  bridge  can  be  constructed  by  using  simply  the  kegs, 
lashed  together,  for  piers ;  but  the  other  method  is  preferable,  as  the 
wagon-body  keeps  the  kegs  together,  besides  furnishing  a  level  bed  on 
which  to  lay  the  balks. 

5th.  By  felling  four  trees,  which,  with  the  butts  resting  on  the  banks, 
will,  by  crossing  each  other  two  and  two,  form  supports  for  a  girder  and 
then  laying  a  flooring.  They  should  either  be  spiked  or  lashed  together 
where  they  cross.    (See  Fig.  4i) 

6th.  By  forming  rude  trestles,  which  may  be  either  simply  notched,  or, 
what  is  better,  spiked  with  lariat-pins.  (See  Fig.  5.)  The  girder-tim- 
bers can  be  squared  off  on  the  upper  side  and  the  stringers  be  notched 
so  as  to  hold  better.  The  main  pieces  of  the  legs  may  be  anchored  to 
the  shore  by  lariats.  A  tripod  trestle-bridge  can  be  formed  of  simple 
tripods  connected  at  the  bottom  by  braces.  A  bar  is  lashed  or  pinned 
across  two  legs  of  the  tripod,  and  on  this  rests  the  cap-piece,  as  in  the 
figure.    (See  Fig.  6.) 

7th.  By  various  combinations  of  saplings  forming  what  are  termed 
single  or  double  lever  bridges. 

A  small  work  on  Field  Fortification  by  Maj.  W.  W.  Knollys,  F.  B.  G. 
S.,  Ninety-third  Sutherland  Highlanders,  contains  a  very  good  descrip- 
tion of  such  bridges,  and  is  inserted  below : 

A  single-lever  bridge  is  composed  of  two  frames  which  lock  into  each 
other.  (See  Fig.  7.)  A  full-sized  section  of  the  stream  or  gap  should 
be  first  traced  on  the  ground.  The  line  representing  the  breadth  should 
be  bisected.  Two  standards  should  then  be  laid  down  on  the  section 
and  on  them  marked  the  places  where  the  main  transoms,  the  fork  tran- 
som, and  the  ledges  will  come.  The  frames  should  then  be  constructed. 
These  distances  should  be  between  standards  at  the  transom  9  f$et  6 
inches  and  at  the  ledger  10  feet  6  inches.  In  the  other  frame  the  dis- 
tances should  be  11  feet  and  12  feet,  respectively.  As  the  frame  lies  on 
the  ground  with  its  butts  toward  the  stream  the  transom  should  be 
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under  and  the  ledger  above  the  standards.  The  diagonal  dimensions  of 
the  frames  are  measured  to  ascertaiu  whether  the  positions  of  the  pieces 
of  the  latter  have  not  changed.  Of  the  diagonals,  one  is  altogether  above 
the  frame ;  the  other  has  its  butt  over  and  its  top  under.  The  diagonals 
are  lashed  to  each  other  where  they  cross,  and  also  to  the  standards.  The 
frames  are  raised  and  lowered  into  their  positions  by  means  of  foot  and 
guy  ropes.  The  pickets  for  the  foot-ropes  are  driven  into  the  ground 
about  two  paces  from  the  edge  of  the  bank  aud  four  paces  on  each  side 
of  the  center  of  the  frame.  The  foot- ropes  are  attached  to  the  butts  and 
passed  twice  aronnd  the  pickets.  The  pickets  for  the  guy-ropes  are  driven 
in  about  twenty  paces  from  the  bank  and  ten  paces  from  the  central  Hue. 
The  fore  and  back  guys  are  fastened  to  the  tips,  the  ends  of  the  fore  guys 
being  thrown  across  the  stream  and  those  of  the  back  guys  being  passed 
twice  round  their  respective  pickets.  The  frames  are  then  raised  by  baud 
and  carried  to  the  edge  of  the  bauk.  The  butts  are  then  gradually  low- 
ered into  position,  one  frame  being  hauled  over  till  it  is  a  little  beyond  the 
perpendicular,  in  which  position  it  is  secured  by  fastening  the  back  guys 
to  their  pickets.  The  other  frame  is  dealt  with  in  a  similar  manner. 
Both  frames  are  then  lowered  till  they  interlock.  A  spar  is  laid  across 
the  fork  formed  by  the  crossing  of  the  standards,  to  serve  as  a  support 
to  the  road-beams.  The  roadway  is  composed  of  balks  lashed  to  each 
other,  and  covered  with  planks,  spiked  or  rack-lashed  dowu,  or  by  fas- 
ciues  covered  with  loose  brushwood,  earth,  or  heather.  The  ends  of  the 
balks  should  be  attached  to  a  beam  or  stout  spar  half  buried  in  the 
ground  and  picketed  down,  its  direction  being  perpendicular  to  the  length 
of  the  bridge.  It  is  desirable  to  place  rails  or  breast-lines  at  the  edges 
of  the  bridge.  At  each  transom  the  road-beams  should  be  all  tips  or 
all  butts,  and  the  ends  of  each  pair  should  be  lashed  together.  It  must 
be  noted  that  the  frames  should  not  make  a  greater  angle  with  each  other 
than  120O. 

A  double  lever  bridge  is  formed  in  a  manner  similar  to  that  in  which 
a  single-lever  bridge  is  constructed,  with  the  exception  that  the  two 
frames  do  not  cross  each  other,  but  are  connected  by  means  of  a  second 
frame,  which  has  no  diagonals.    (See  Fig.  8.) 

Double-lever  bridges  are  suited  for  openiugs  of  40  feet.  Even  open- 
ings of  60  feet  have  been  spanned  by  a  double-lever  bridge. 

Another  combination  can  be  made  forming  a  lever  truss  bridge.  The 
frames  are  made  as  in  the  case  just  cited,  but  an  extra  support  is  given 
to  the  roadway  by  the  rope  at  the  center.  The  figure  explains  itself. 
(See  Fig.  9.) 

Appended  will  be  found  a  copy  of  the  journal  kept  by  Second  Lieut 
E.  J.  McGlernand,  Second  Cavalry,  acting  engineer-officer  of  the  Mon- 
tana column.  His  topographical  work  has  been  incorporated  in  the  gen- 
eral map. 

I  am  indebted  to  Mr.  W.  H.  Wood  (formerly  assistant  engineer  in  this 
office)  for  the  admirable  drawings,  which  accompany  this  report. 
Very  respectfully,  your  obedient  servant, 

Edw.  Maguire, 
First  Lieut.  Corps  of  Engineers, 
Chief  Engineer  Department  of  Dakota. 

The  Assistant  Adjutant  General, 

Department  of  Dakota. 
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JOURNAL  OP  THK  MARCHES  MADE  BY  THB  FORCB8  UtfDTtU  COLONKL  JOHN  GIBBON, 
COMMANDING  THK  EXPEDITION  DOWN  THK  YELLOWSTONE,  BETWEEN  THE  1ST  DAY 
OF  APKIL  AND  THE  29TH  DAY  OF  SEPTEMBER,  1876,  BY  LIEUTENANT  E.  J.  M'CLKR- 
NAND,  SECOND  CAVALRY,  ACTING  ENGINEER  OFFICER. 

April  1, — At  9  o'clock  the  four  companies  (F,  G,  H,  and  L,  Second  Cavalry)  left 
Fort  Ellis,  Mont.  They  are  preceded  several  days  by  six  companies  of  the  Seventh 
Infantry,  which  are  already  some  distance  down  the  Yellowstone,  as  is  also  the  main 
supply-train.  The  object  of  this  movement  of  the  troops  is  a  campaign  against  the 
hostile  bands  of  Sioux,  known  to  hunt  and  camp  along  the  Lower  Yellowstone  and  Its 
tributaries.  Stealing  parties  from  these  tribes  raid  the  settlements  in  this  vicinity 
every  summer,  killing  defenseless  persons  who  are  so  unfortunate  as  to  fall  in  with 
them,  and  generally  succeeding  in  running  off  a  number  of  horses  and  males.  Owing 
to  the  melting  snows,  the  roads  are  in  a  frightful  condition,  aud  so  great  is  the  diffi- 
culty in  getting  onr  train  along  that,  although  we  work  until  after  snnset,  we  only 
succeed  in  making  seven  miles.  Our  camp  is  on  a  little  stream,  a  short  distance 
above  where  it  joins  Middle  Creek.  The  ground  is  saturated  by  melting  snow,  patches 
of  which  still  exist.  To-day's  march  has  brought  ns  in  the  midst  of  the  hills  forming 
the  little  divide  between  the  headwaters  of  the  East  Gallatin  and  the  Yellowstone 
Rivers.  These  hills,  be- ides  being  picturesque,  are  exceedingly  fertile,  growing  in  places 
luxuriant  bunch-grass,  in  others  dense  pine  forests.  The  formation  of  the  divide  is 
usually  sandstone,  with  the  strata  upturned  at  a  large  angle.  In  this  divide,  farther 
to  the  south,  coal  of  a  very  fair  quality  has  been  found,  and  not  far  from  this  lime- 
stone. From  the  summit  of  a  hill  just  back  of  camp  one  procures  a  fine  view  of  the 
beautiful  Gallatin  Valley,  with  its  rolling  foot-hills  aud  girdle  of  snow-capped  peaks. 

2d. — Continue  our  march  in  the  direction  of  the  Yellowstone.  A  short  distance  from 
camp  we  reach  and  cross  Middle  Creek,  a  clear  stream  running  in  a  small  but,  pretty 
valley,  between  higb  aud  gently-sloping  hills,  covered  with  fine  grass.  From  here  the 
road  ascends  a  h-gh  hill,  and  soon  reaches  a  point  where  the  divide  falls  precipitously 
toward  the  Yellowstone.  Passing  from  here  down  a  steep  hill,  we  reach,  at  its  foot, 
Billman's  Creek,  10  miles  from  Fort  Ellis.  A  short  distance  on,  the  condition  of  the 
roads  again  compelled  us  to  go  into  camp,  after  having  marched  only  a  few  miles. 

3d. — To-day  we  find  the  roads  greatly  improved,  due  to  the  fact  that  the  snow  never 
lies  so  long  on  this,  the  eastern  side  of  the  divide,  as  it  does  on  the  west,  being  carried 
away  and  evaporated  by  the  high  winds  which  prevail  along  the  valley  of  the  Yellow- 
stone. We  follow  Billman's  Creek  through  a  natural  pass  between  two  high  and 
almost  parallel  ridges,  down  the  sides  of  which  course  innumerable  little  streams ; 
those  from  the  north  crossing  our  road  at  short  intervals  on  their  way  to  Billman's 
Creek.  In  this  pass  and  along  the  hill-sides  the  bunch-grass  grows  with  the  most  lavish 
luxuriance.  Twenty-one  miles  from  Fort  Ellis,  Fleshraan's  Creek,  a  clear,  cold  stream, 
flowing  from  the  northwest,  is  reached.  Crossing  this  and  proceeding  on  a  short  distance, 
we  pass  down  the  left  bauk  of  that  river  to  u  Benson's  Landing  "  the  head  of  Mackinaw- 
boat  navigation.  This  valley  is  quite  extensive,  but  being  covered  with  loose  gravel 
mixing  with  the  soil,  it  is  not  very  fertile,  while  the  hizh  winds  which  so  frequently 
blow  down  the  river  make  it  an  unpleasant  place  to  reside.  About  three  miles  from 
Benson's,  Shields'  River  joins  the  Yellowstone.  It  is  distant  from  Fort  Ellis  2^.4o*  miles, 
and  is  a  bold,  rapid  stream,  flowing  over  small  graaite  bowlders,  and,  rising  ou  the 
northwest  side  of  Crazy  Mountain,  it  runs  through  an  extensive  and  fertile  section  of 
country,  which  for  some  years  past  has  furnished  pasture  for  large  herds  of  cattle. 
During  the  afternoon  a  wet  and  windy  snow-storm  came  up  and  continued  into  the 
night. 

4tk. — We  remain  in  camp  to-day,  awaiting  the  arrival  of  several  wagons  still  detained 
by  the  heavy  roads  near  Middle  Creek. 

5ta. — Leaving  Shields'  River,  onr  road  crosses  a  spur  of  Sheep  Mountain,  which  mount- 
ain presents  a  vertical  face  of  basaltic  rock  to  the  Yellowstoue. 

A  march  of  7  miles  brings  us  to  a  bottom  on  the  Yellowstone,  opposite  the  Old  Crow 
agency.  This  valley,  several  miles  in  length  and  more  than  a  mile  wide,  is  very  fertile. 
Leaving  this,  the  road  turns  to  the  left  and  crosses  a  range  of  high  hills;  on  the  summit 
of  one  of  these  gypsum  of  a  fine  quality  lies  in  sight.  From  here  one  commands  an 
extensive  view  of  the  surrounding  country.  Crazy  Mountain,  lying  just  back  of  Sheep 
Mountain,  is  detached  from  the  main  range,  and  standing  alone  it  seems  to  serve  as  a 
rallying  point  for  the  clouds,  great  masses  of  which  almost  always  hover  around  the 
tops  of  its  lofty  peaks.  Thousands  of  springs  trickle  down  its  rugged  sides  and  are 
the  sources  of  numerous  streams.  The  altitude  of  Crazy  Mountain  is  about  10,000  feet. 
To  the  south,  across  the  Yellowstone,  lies  a  range  of  high  and  rugged  lava  peaks,  usually 
called  the  Yellowstone  Range,  whose  summits  "staud  out  in  bold  relief  against  the  sky." 
Forty-four  and  one-half  miles  from  Ellis,  we  reach  Hot  8pring  Creek,  on  the  banks  of 
which,  a  short  distance  above  tbe  road,  are  several  large  and  very  warm  sulphur  springs. 
Three  and  a  quarter  miles  on,  the  road  crosses  Duck  Creek,  running  clear  and  cold  from 
Crazy  Mountain,  and  I|  miles  farther  reaches  the  Yellowstone.     Crossing  here  at  a 
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tolerably  good  ford,  we  go  into  camp  on  the  river.  The  camp  is  in  a  fine  and  large 
valley  covered  with  good  grass.  Along  the  river  the  Cottonwood  trees  grow  to  a  great 
size.    Distance  traveled  during  the  day,  19.60  miles. 

6th. — To-day  about  noon  we  reach  aud  cross  the  Big  Boulder,  6*2.83  miles  from  Fort 
Ellis.  This  is  a  large  and  rapid  stream,  rising  in  a  very  high  range  of  granite  mount* 
ains  to  the  south.  Near  its  mouth  it  flows  over  large  bowlders,  hence  it*  name.  Fif- 
teen miles  above  its  mouth  it  is  formed  by  three  forks,  each  of  which  is  tilled  with  floe 
trout.  The? e  forks  run  through  pretty  little  valleys,  which  are  favorite  resorts  for  elk. 
The  road,  still  continuingdown  the  valley  of  the  Yellowstone,  reaches,  7$  milrs  from  the 
Boulder,  Little  Deer  Creek,  now  dry.  From  here  to  Big  Deer  Creek,  about  two  miles, 
lies  as  fine  a  piece  of  bottom-land  as  can  be  fouud  anywhere.  Having  marched  21  miles, 
we  encamped  ou  Big  Deer  Creek. 

7th. — Soon  after  leaving  camp,  we  pass  by  what  is  known  as  the  Point  of  Rocks. 
This  is  a  high  and  vertical  wall,  nearly  half  a  mile  in  length,  and  showing  plainly 
the  marks  left  by  the  river  in  times  past,  when  it  was  thirty  feet  above  its  present 
level.  A  little  less  than  8  miles  from  camp,  we  cross  Bridger  Creek ;  its  source  is  in  an 
exceedingly  broken  country,  but  near  its  mouth  it  flows  through  a  pretty  little  valley 
thickly  wooded.  Soon  after  crossing  the  last-named  stream,  we  reach  a  point  where 
the  valley  opeus  out  fiuely,  possessing  rich  black  soil,  and  growing  heavy  grass.  The 
Yellowstone  is  bordered  by  a  fine  growth  of  large  cotton  wood  trees,  and  the  foot-hills 
to  the  south  are  covered  with  pine  timber.  The  country  to  the  north,  across  the  river, 
is  very  broken.     After  marching  20  miles,  we  encamped  on  the  Yellowstone. 

8th. — Moving  down  the  valley  2  miles,  the  river  is  forded,  to  avoid  some  steep  and 
broken  bluffs  which  it  washes  on  the  south  bank.  This  is  one  of  the  best  crossings  on 
the  Yellowstone.  Passing  along  the  north  bank  a  few  miles,  through  a  drenching  rain, 
we  reach  the  infantry  camp,  situated  on  the  Yellowstone,  96.79  miles  from  Ellis.  This 
command  arrived  here  on  the  6th,  and  has  succeeded  iu  catching  a  great  number  of 
fine  trout.  The  cavalry  are  not  slow  in  following  their  example  and  supplying  them- 
selves liberally  with  this  delicious  food. 

9th. — Both  commands  move  out  about  the  same  time,  marching  down  the  valley. 
Upon  arriving  at  Countryiuau's  Ranch,  the  train  and  the  cavalry  are  crossed  to  the 
Ron th.  side,  while  the  infantry  continue  along  the  north  bank  over  a  range  of  rough 
hills.  Something  less  than,  two  miles  from  Con  u  try  man's  Ranch  lies  the  Stillwater 
River;  it  is  a  fiue  large  mountain  stream,  flowing  over  large  bowlders,  and  filled  with 
trout.  Along  its  banks  grow  large  pines,  in  a  bottom  varying  in  width  from  one-half 
a  mile  to  a  mile.  After  passing  over  two  small  bottoms  on  the  Yellowstone,  separated 
by  a  high  hill,  it  again  becomes  imperative  to  ford  the  river.  The  bed  is  here  com- 
posed of  large  rocks,  renderiug  the  fording  difficult  and  even  dangerous.  Soon  after 
crossing  we  go  into  camp,  in  a  pretty  spot  at  the  head  of  one  of  the  largest  valleys  on 
the  Yellowstone. 

10th. — The  command  remains  in  camp  while  the  train  is  sent  to  the  Crow  agency, 
situated  on  Rosebud  Creek,  a  tributary  of  the  Stillwater.  It  is  20  miles  from  camp. 
The  train  is  to  bring  down  supplies  that  have  been  left  there.  Duriug  the  evening  a 
furious  snow-storm  prevails,  and  at  the  agency  it  falls  to  a  depth  of  18  inches. 

llth. — Most  of  the  train  arrives  late  in  the  evening.  It  is  but  little  exaggeration  to 
say  the  command  is  living  upon  fine  trout  caught  in  the  Yellowstone. 

12th. — The  day  is  spent  ia  loading  the  train  for  a  forward  movement. 

13th. — Captain  Logan,  Seventh  Infantry,  is  left  with  his  company  to  guard  such  sup- 
plies  as  cannot  be  carried.  The  other  compauies  move  out  as  one  command,  and  begin 
in  earnest  the  campaign  at  7  a.  m.  After  marching  two  hours  the  range  of  mountains 
back  of  the  Old  Crow  agency  come  in  sight.  They  are  covered  with  snow  and  present 
a  grand  appearance.  We  are  traveling  through  a  large  valley  of  considerable  fertil- 
ity, and  varying  in  width  from  1  to  2  miles.  The  south  side  of  this  bottom  is  washed 
by  the  Yellowstone,  while  on  the  north  it  is  hemmed  in  by  steep  sandstone  bluffs  100 
feet  high,  and  rising  gradually  from  the  top  to  the  little  divide  between  here  and  the 
Musselshell  River.  On  the  south  side  of  the  Yellowstone  the  bluffs  present  a  precipi- 
tous front,  but  a  little  way  back  break  into  rolliug  hills  covered  with  fine  grass.  The 
roads  are  heavy  on  account  of  the  recent  snow,  and  the  train  moves  slowly,  At 
3  p.  m.,  having  made  11.25  miles,  we  go  into  camp  on  the  Yellowstone. 

14th. — Breaking  camp  at  7  a.  in.,  we  continue  to  march  through  the  same  valley  passed 
along  yesterday.  The  width  increases  to  6  miles,  but  iu  other  respects  there  is  little 
change.  In  places  the  soil  is  slightly  alkaline,  aud  the  last  snow  has  made  it  (juite  soft. 
We  encamp  on  the  Yellowstone  at  3.30  p.  m.  Distance  traveled  during  the 'day,  14.18 
miles.  The  bluffs  across  the  river  are  growing  darker,  presenting  a  lignite  appear- 
auce.  A  short  distance  above  camp,  Clark's  Fork  joins  the  Yellowstone,  comiug  from 
the  granite  mountains  to  the  southwest ;  it  is  rising  and  the  water  is  of  a  light  brown, 
color,  and  in  quantity  seems  to  be  about  half  as  much  as  the  Yellowstone.  Along  the 
banks  of  both  grow  cotton  wood,  and  at  their  confluence  there  is  quite  a  forest.  For 
more  than  a  mile  above  their  junction  these  two  streams  run  almost  parallel;  the  bear- 
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ing  tip  Clark's  Fork  being  south  33°  west,  and  up  the  Yellowstone  southwest.    A  high 
wind  continues  to  blow  all  night. 

151ft. — Starting  at  6.45  a.  in.,  we  reach,  2±  miles  from  camp,  Canon  Creek,  whicbjis  now 
dry ;  it  has  its  source  near  what  are  known  as  the  Lakes.  Thef  e  are  the  remains  of 
what  have  formerly  been  large  lakes,  near  the  summit  of  the  divide  between  here  and 
the  Musselshell,  and  which  now  are  important  water-holes  to  any  one  traveling  along 
that  divide.  A  little  way  and  we  pass  through  some  large  sage-brush,  about  the  first 
seen.  To  the  north  the  bluffs  present  a  vertical  face,  and  running  nearly  9  miles  along 
the  valley,  look  liko  a  wall  built  by  man  to  serve  as  a  huge  fortification;  ten  and  a 
half  miles  from  camp  this  wall  reaches  the  Yellowstone,  and  there  makes  a  sharp  angle 
with  the  bluffs  running  along  the  river.  In  this  angle  is  a  break,  affording  an  oppor- 
tunity to  ascend  the  plateau.  From  this  elevated  prairie  the  Red  Buttes,  sometimes 
called  Bull  Mountain,  can  be  seen  lying  12°  east  of  north.  Passing  along  this  table- 
land about  6  miles,  we  reach  a  valley  ou  the  Yellowstone  and  go  into  camp,  just  below 
"  Bsker's  battle-ground,"  at  6  p.  m.    Distance  traveled  during  the  d*y,  17.35  miles. 

16fft. — Break  camp  at  9.35  a.  m. ;  about  4  miles  below  camp  we  cr^ss  the  Yellowstone, 
to  take  advantage  of  a  large  valley  on  the  south  side;  the  ford  proves  to  be  deep  and 
swift.  Lieute>  ant  Sehotield,  Second  Cavalry,  missing  the  ford  a  few  feet,  comes  very 
nearly  being  drowned.  On  the  south  side  a  continuation  of  the  sandstone  bluffs  seen 
since  leaving  Captain  Logan's  camp  still  faces  the  river;  but,  stopping  abruptly  here, 
and  receding  from  the  stieam,  gives  place  to  an  extensive  valley.  A  little  way  below, 
on  the  north  Bide,  is  the  commencement  of  a  long  range  of  broken  and  barren  hills.  A 
distance  of  nearly  7  iuiles/rom  camp  brings  us  to  Pryor's  Creek.  This  creek,  rising  in 
a  large  mountain  of  the  same  name,  lying  to  the  south,  is  swollen  by  the  melting  snows, 
and  runs  a  stream  of  muddy  water  10  yards  in  width  and  over  2  feet  deep.  After  cross- 
ing, we  follow  it  down  to  its  mouth  and  camp  on  the  Yellowstone,  at  3.30  p.  in.,  having 
marched  7.07  miles.  The  river-water  is  becoming  very  muddy,  due  probably  to  the  rise 
in  Clark's  Fork.  Since  passing  the  month  of  that  stream,  few  if  any  trout  have  been 
caught.    A  band  of  elk  were  seen  to-day  and  several  killed. 

17/ft. — starting  at  8  a.  m.,  we  march  down  the  valley,  intending  to  camp  near  Pom- 
pey's  Pillar.    After  marching  three  miles,  a  halt  was  made  to  wait  for  the  train. 

The  surrounding  country  is  very  beautiful.  The  valley  itself  is  one  of  the  finest  to 
be  seen  ou  the  Yellowstone,  varying  in  width  from  1  to  6  miles,  and  averaging  about 
2| ;  it  extends  for  miles  al«ug  the  river,  and  contains  perhaps  70,000  acr^s  of  arable 
land,  all  of  which  lies  favorable  for  irrigation  from  either  Pryor's  Creek  or  the  Yellow- 
stone. It  grows  fine  grass,  and  in  places  large  sage-brush.  The  scenery  is  varied  and 
extensive.  To  the  southwest  cau  be  seen  the  lofty  Yellowstone  Range,  covered  with 
snow  ;  to  the  north  and  northwest  the,  bluff  country  toward  the  Musselshell  stretches 
away  as  a  vast  plateau.  To  the  south  and  east  the  gently- rolling  hills  are  lost  in  the 
far  distance  in  the  granite  ranges  of  the  Big  Horn  and  Pryor's  Mountain.  The  valley 
descends  in  gentle  declivities  from  the  foot-hills,  and  bears  north  40°  east.  Along  the 
Yellowstone  cotton  wood  timber  grows  with  great  luxuriance.  To  convince  one  that 
this  valley  has  a  bright  future,  it  is  only  necessary  to  remember  that  the  river  flowing 
along  its  entire  front  is  navigable  two  months  in  the  year  for  Upper  Missouri  River 
steamboats.  Eight  and  fifteen-bnndredths  miles  from  camp,  Cachewood  or  Arrow 
Creek  is  reached,  and  at  the  crossing  is  dry,  but  half  a  mile  above  sufficient  water, 
probably  snow-water,  is  found  for  the  animals.  The  day  is  very  warm  and  threatens 
rain;  toward  evening  we  gradually  approach  the  river,  and  reach  it  just  below  Pom- 
pey'n  Pillar.  A  little  way  below  ttus,  camp  is  placed,  about  snuset,  inside  of  a  semi- 
circle of  cottonwood  trees;  distance  marched,  15.80  miles.  Accompanied  by  Dr. Paul- 
ding, I  rode  to  the  foot  of  the  pillar,  and  fastening  our  horses  we  easily  ascended  along 
its  northeast  side;  indeed  here  the  ascent  is  so  good  that  one  of  the  scouts  reached 
the  summit  mounted  on  a  little  mule.  This  rock,  named  in  1806  by  Captain  Clark, 
lies  on  the  south  bank  of  the  river,  a  few  yards  from  the  water.  It  is  160  feet  high 
and  200  in  diameter.  The  soil  on  the  top  varies  in  depth  from  1  to  4  feet.  The  rock 
is  a  gritty  sandstone.  Great  blocks  that  have  broken  loose  lie  scattered  around  its 
base,  and  on  the  east  side  a  huge  rock,  nearly  as  high  as  the  pillar,  and  5  or  6  yards 
in  diameter,  appears  ready  to  fall.  On  all  sides  except  the  east  the  rock  has  vertical 
faces,  and  is  cylindrical  in  shape.  Having  reached  the  summit  the  view  is  very  grand, 
especially  to  the  east,  south,  aud  west.  On  the  north  bank  of  the  river  the  view  is 
somewhat  limited  by  the  bold,  rugged  sandstone  bluffs,  about  the  same  heigh  t;  a9  the 
pillar,  and  to  which  it  has  undoubtedly  been  formerly  attached.  A  few  miles  back 
these  bluffs  break  into  a  rolling  country,  studded  with  a  stubby  growth  of  pice,  and 

Presenting  a  most  barren  and  uuinviting  appearance.  These  hills,  extending  to  the 
lusselshell  River,  and  running  along  the  Yellowstone  40  miles,  constitute  one  of  its 
poorest  sections.  In  a  direction  north  55°  west  is  seen  a  range  of  high,  red- looking 
bills,  the  Red  Buttes.  South  64°  west  lie  thestowy  peaks  on  the  hrad  of  the  Still- 
water, 60  miles  away.  About  10  miles  down  tbe  river,  on  each  side,  lies  a  range  of 
high,  rough  hills,  running  almost  north  and  south,  and  covered  on  this  side  with  a 
growth  of  small  pines.    The  valley  is  seen  merging  itself  into  the  foot-hills  to  the 
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south,  and  these  in  their  turn  rise  to  Pryor's  Mountain.  The  storm  that  threatened  us 
to-day  has  cleared  away,  and  the  clear  atmosphere  enables  one  to  s-e  mauy  distant 
objects  of  interest,  too  numerous  to  mention. 

18//?. — We  remained  in  camp  awaiting  the  retnrn  of  several  sconts  sent  lant  night  to 
the  month  of  the  Little  Big  Horn  River  to  prospect  for  a  Sioux  village.  A  high  wind  has 
been  blowing  all  the  afternoon,  aid  continues  now  late  in  the  evening,  almost  burying 
us  in  the  great  clouds  of  sand  it  sends  before  it.  The  sconts  return,  haviug  failed  to 
discover  any  signs  of  hostile  Indians.  . 

19th. — Starting  at  7.30  a.  m.,  a  few  minute's  march  brings  us  to  Fly  Creek,  1$  mi'es ;  the 
banks  are  steep  and  generally  soft ;  the  water  stands  in  holes.  The  valley  now  narrows 
and  is  badly  cut  np  by  raviues,  but  a  mile  on  again  opens  out  nicely ;  the  wind  still  cou- 
tinues  to  blow  and  drive  clouds  of  sand  along  the  river.  Ten  and  a  half  miles  fro  n  camp 
a  range  of  bluffs  abruptly  terminate  the  valley,  rendering  it  necessary  to  cros>  the  river 
with  the  train.  Leaving  the  valley  we  have  been  traveling  in  for  thirty  miles,  aud 
fording  the  river  where  it  is  580  feet  wide  and  3£  deep,  we  pass  along  the  north  bank 
£&  miles  and  then  return  to  the  south  side.  The  ford  is  632  feet,  wide  and  3  feet  deep ; 
the  valley  we  now  enter  is  narrow  and  by  no  means  pretty,  although  the  soil  is  fertile. 
The  rolliug  foot-hills  seen  above  give  place  here  to  steep  bluff*  of  sandstoue,  scantily 
covered  with  scrubby  pine  timber,  and  besides  being  poorly  watered  produce  but  little 
gn&'-s.  At  4.45  p.  m.  we  encamped  on  the  Yellowstone  in  a  semicircle  of  large  cotton- 
wood  trees.    Distance  marched  during  the  day  1H.60  miles. 

20th. — Starting  at  7.40  a.  in.,  we  continue  to  pass  along  the  river.  The  bottom  is 
mostly  covered  with  sage-brush,  aud  for  the  first  7  miles  grows  poor  grass;  after  that 
it  improves.  Nine  and  eight-hundredths  miles  from  camp  a  high  range  of  hills  lying 
this  side  of  the  Big  Horn  River  preseuts  a  steep  face  to  the  valley  we  are  in,  forcing 
us  to  cross  the  river.  Some  difficulty  is  experienced  in  finding  a  ford,  and  when  one  is 
selected  the  animals  can  scarcely  cross  without  swimming ;  the  river  is  evidently  rising. 
After  crossing,  our  road  passes  for  1|  miles  through  a  sage-brush  bottom,  and  then 
gains  a  hijrh  plateau.  Moving  along  this  elevated  ground  we  pass  the  mouth  of  the 
Big  Horn  River,  and  obtain  a  view  of  its  valley  for  a  long  distance.  Four  miles  over 
this  plateau  brings  ns  to  the  head  of  the  Fort  Pease  Valley ;  here  the  grass  is  luxuriant, 
and  the  river-bank  is  grown  np  with  large  cotton  woods  and  heavy  brush  ;  many  of  the 
trees  are  2\  or  3  feet  in  diameter,  and  show  plainly  by  the  short  distance  of  the  limbs 
from  the  ground  that  this  end  of  the  valley  has  tilled  up  several  feet  in  recent  years. 
This  is  explained  by  the  fact  that  two  large  ravines  in  the  hills  to  the  north  do  not 
continue  their  course  to  the  river,  and  thus  after  a  hard  ralu  the  lo  we  material  brought 
from  the  hills  is  scattered  promiscuously  over  the  button).  Having  marched  17.17  miles, 
we  encamped  in  a  grassy  spot  at  4.45  p.  m. 

2\»t. — This  morning  instructions  via  Fort  Ellis  are  received,  ordering  us  into  camp 
at  Fort  Pease,  there  to  await  further  orders.  The  same  mail  brings  information  that 
the  troops  from  the  other  directions  will  not  be  able  to  take  the  field  for  some  time. 
We  move  on  to  Fort  Pease,  2.02  miles,  and  215.32  miles  from  Fort  Ellis.  The  command 
is  put  in  camp  immediately  outride  of  the  fort. 

22<Z. — The  day  is  passed  in  polictug  Fort  Pease,  something  k  stands  in  great  need  of. 
The  fort,  built  of  rough  Cottonwood  logs,  is  about  75  feet  square,  with  a  bastion  on 
the  northeast  and  southwest  corners,  erected  in  June,  1875,  by  a  party  of  citizens.  It 
was  intended  as  a  headquarters  for  "  Wolfers,"  but  the  Indians  made  life  there  a  bur- 
den, and  it  was  abandoned  in  February.  It  is  situated  in  a  valley  about  10  miles  loug, 
and  varying  in  width  from  one-half  to  two  miles.  The  s  >il  is  fertile  and  grass  good. 
Steep  bluffs  hem  it  in  on  the  north,  and  those  to  the  south  across  the  river  are  very 
precipitous  and  extremely  broken. 

23d. — Remain  in  camp.  Captain  Freeman,  Seventh  Infantry,  starts  with  his  com- 
pany and  the  train,  to  biing  down  supplies  left  at  Captain  Logan's  camp.  To  avoid 
trouble  in  crossing  the  river,  he  is  ordered  to  keep  the  north  bank. 

24th. — H  aud  F  Companies,  Second  Cavalry,  under  command  of  Captain  Ball,  receive 
orders  for  a  eeven  days'  scout,  via  the  Big  Horn,  Fort  Smith,  and  Tullock's  Fork.  I 
am  ordered  to  report  to  Captaiu  Ball.  Starting  about  noon,  the  two  companies  march 
up  the  river  to  a  point  just  above  the  mouth  of  the  Big  Horn,  and  cross  at  a  good  ford 
5^  miles  from  Fort  Pease.  This  distance  is  estimated  from  the  time  of  march,  as,  in- 
deed, all  distances  on  this  scout  must  be.  Remaining  in  camp  until  6  p.  m.,  to  avoid 
being  seen,  and  then  starting  in  a  direction  south  35°  west,  we  soon  ascend  the  bluff*, 
and  reach  a  high  ridge  or  "  backbone  "  The  Big  Horn  River  and  its  valley  is  to  our 
left,  and  just  beyond  it  a  picturesque  but  broken  and  worthless  country.  Directly 
ahead,  about  five  miles  away,  lies  a  low  wooded  bluff,  and  in  the  far  distance  can  be 
seen  the  Big  Horn  Mountains,  which  running  east  and  west  terminate  the  landscape 
like  a  huge  white  wall.  For  11  miles  our  course  is  south  45°  west,  and  passes  through 
a  very  broken  country ;  in  several  places  the  water-channels  draining  into  the  Yellow- 
stone and  Big  Horn  Rivers  almost  join  on  the  summit  of  the  "  divide."  Here  and  there 
the  ridge  is  sparsely  covered  with  small  pines.  Frequently  it  is  necessary  to  wind 
arouud  and  around  to  cross  a  deep  ravine  or  turn  a  precipice.     Our  Indian  guide,  how- 
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ever.  Is  equal  to  the  emergency,  and  wins  the  admiration  of  all  by  tbe  masterly  man- 
ner in  which  he  guides  us  through  this  broken  con u try  in  the  darkness  of  night.  After 
11  in  ilea  our  course  is  southeast  through  barren  hills.  At  11.30  p.  m.  we  encamp  on  a 
tortnous  little  stream,  with  water  standing  in  pools.  The  Indians  call  this  Wood 
Creek.  The  grass  is  poor,  and  consequently  the  horses  get  but  little  to  eat.  Distance 
from  the  Yellowstone,  10  miles;  from  Fort  Pease,  21$  mites. 

25/ A. — Starting  at  9.15  a.  m.,  one  of  our  scouts  informed  us  we  could  travel  dnring  the 
morning  and  be  well  concealed ;  in  this  he  soon  proved  to  be  mistaken.  An  hour's 
march  through  high,  rough  hills,  in  a  southeasterly  direction,  brings  us  to  the  valley  of 
the  Big  Horn ;  this  stretches  away  for  miles,  a  little  west  of  south.  It  proves  to  be  large 
and  fertile,  gaining  a  width  in  places  of  4  miles.  It  is  poorly  snpplii^  with  creeks,  but 
could  be  irrigated  from  tbe  river.  A  portion  of  it  grows  sage-bush  and  cactus.  Buffalo 
and  antelope  are  seen  in  tbe  valley  and  on  the  foot-hills.  At  1.20  p.  m.  a  halt  is  made 
on  the  Big  Horn,  and  the  animals  turned  ont  to  graze.  Distance  marched  during  the 
morning  16  miles ;  distance  from  fore  37£  miles.  While  here  a  band  of  elk  quietly  walk 
in  among  the  horses,  and  graze  with  them  for  several  minutes.  At  6.40  p.  m.  we  con- 
tinue our  march  up  the  va  ley,  aud  in  35  minutes  reach  the  mouth  of  the  Little  Big 
Horn  River,  coming  in  from  tbe  southeast  on  tbe  opposite  side  through  a  green  aud 
pretty  bottom.  There  is  a  great  abnudnnce  of  cotton  wood  timber  on  each  stream,  but 
especially  on  the  Big  Horn.  The  pine  on  the  surrounding  sandstone  blnffs  is  of  a  poor 
quality.  The  valley  of  the  Big  Horn  at  this  point  is  broad  and  fertile.  After  marchiug 
4±  hours  (14^  miles)  the  valley  is  terminated  by  high  bluffs;  it  is  too  dark  to  see  if 
there  is  a  bottom  ou  the  opposite  side,  bat  as  a  general  rule  in  this  country,  the  bluff* 
lie  opposite  valleys.  A  mile  aud  a  half  farther  on,  at  11.30  p.  m.,  we  turn  to  the  left 
and  camp  on  the  river  in  a  small  cove  formed  by  the  hills.  Distance  marched  duriug 
the  d»y  32  miles;  distauce  from  Fort  Pease  53|. 

2G/A. — Six  a.  in.  finds  all  ready  to  move.  Crossing  the  river  just  above  camp,  where 
the  water  is  2\  feet  deep,  we  march  a  mile  and  a  half,  and  halt  on  the  river- bank  in  a 
fiue  valley  ;  tbe  grass  is  good,  and  we  determine  to  remain  several  hours  to  permit  our 
animals  to  feed.  The  valley,  which  is  here  more  than  a  mile  in  width,  can  be  seen 
extending  in  a  direction  7°  west  of  south,  to  the  very  foot  of  the  Big  Horn  Mountains, 
25  miles  or  more  away.  In  it  tbe  grass  seems  to  be  everywhere  good.  The  river  runs 
abont  one-half  as  much  water  as  the  Yel'owstone,  and  on  the  opposite  side  washes  steep 
sandstone  about  100  feet  high.  While  resting  here  buffalo  can  be  seen  feeding  in  the 
valley  and  foot-hills  in  all  direction*,  in  little  bauds  of  from  ten  to  thirty.  Some  of  them 
coming  within  a  few  yards  of  camp  enables  us  to  procure  meat  with  little  trouble.  At 
1.30  p.  m.  onr  march  is  continued ;  the  valley  increases  in  width  to  between  four  and  five 
miles.  At  a  distance  of  six  miles  from  camp  we  arrive  opposite  the  month  of  Bi»auvais 
Creek,  rnnuiug  in  a  direction  4°  south  of  east,  through  a  pretty  aud  well-tmibered 
bottom.  Twenty  miuutes  later  Rotten  Grass  Creek,  coming  from  the  southeast,  is 
crossed,  running  in  a  ravine  12  feet  deep,  with  fcteep  banks. and  a  muddy  bottom.  The 
stream  is  10  feet  wide  and  a  foot  and  a  half  deep.  On  its  south  bank  the  grass  is  heavy 
enough  to  make  hay.  Fifteen  miles  from  our  last  resting-place  the  valley  narrows  to 
400  or  500  yards  bnt  a  short  distance  on  again  becomes  more  than  a  mile  wide.  At 
6.05  p.  m.  we  reach  and  cross  Soap  Creek  near  its  mouth.  Like  Rotten  Grass  its  banks 
are  steep,  but  tbe  bottom  is  much  harder;  the  water  is  clear  and  cold.  At  6.15  p.m. 
we  go  into  camp  on  the  Big  Horu,  having  marched  during  the  day  20|  miles.  Distance 
from  Pease  74  miles.  As  the  grass  is  good,  Captain  Ball  decides  to  remain  here  all  night 
and  next  day,  to  recruit  our  horses  and  pack-mules,  many  of  them  being  very  weak. 
All  day  we  have  been  traveling  through  a  magnificent  valley,  averaging  about  2$  miles 
wide,  with  a  rich  black  loam  soil,  producing  luxuriaut  grass,  which  is  bright  and  green. 
The  foot-hills,  too,  grow  more  fertile.  The  sandstoue  formation  around  Pease,  here 
gives  place  to  granite,  always  the*  herald  of  better  aud  more  plentiful  wood,  water,  aud 
grass.  Altogether  it  is  the  finest  piece  of  tillable  land  I  have  seen  in  Montana ;  not  a 
stone,  cactus  or  sage-brush  is  to  be  found  in  the  valley,  and  water  is  everywhere  abun- 
dant. 

27 th. — We  move  in  the  afternoon  at  5.15  through  the  "Hayfields"  of  old  Fort  C.  F. 
Smith,  in  a  directum  south  30°  west,  and  after  marching  3  miles,  reach  that  place, 
abandoned  in  1868.  Most  of  the  walls  are  still  standing,  built  of  ad  >bes  on  stone  found- 
ations. The  roofs,  however,  are  all  destroyed ;  the  flag-staff  lies  across  the  parade- 
ground,  hiid  from  tbe  manner  in  which  it  is  cut,  we  supposed  it  was  felted  by  ludians. 
The  cemetery  is  least  injured  of  all,  aud  the  monument  erected  to  the  late  Lieutenant 
Sternberg  and  fifteen  soldiers  and  citizens  is  bnt  little  defaced,  the  corners  having 
been  chipped  away  in  several  places  with  a  hatchet.  This  monument,  standing  alone 
iu  the  wilderness  and  erected  by  sorrowing  friend*,  was  the  last  token  of  love  for  those 
who  slept  here  beneath  the  sod,  waiting  long,  aud  perhaps  in  vain,  for  the  oouutry  they 
served  to  avenge  their  death.  It  is  built  of  limestone,  which  I  sippose  was  found  some 
place  in  the  mountains  lying  2  or  3  miles  to  the  south.  These  mountains  are  covered 
with  fine  large  pities,  which  could  be  easily  floated  down  the  river,  if  needed  for  build- 
ing iu  either  of  tbe  two  valleys  of  the  Big  Horu.    The  Big  Horn  CaQou,  lookiug  very 
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deep  and  of  a  red  color,  is  abont  3  miles  above  the  fort.  The  location  of  this  post  is 
inferior,  in  every  respect,  to  many  places  down  the  valley.  The  weather  is  cool  and 
threatens  rain.  Near  the  fort  we  see  the  camp  made  a  few  days  ago  by  a  large  party 
of  citizens  on  their  way  to  the  Black  Hills.  Leaving  Smith  at  5.05  p.  in.,  and  intend- 
ing to  travel  during  the  nighfr  in  a  general  direction  southeast,  we  move  along  the  old 
Phil.  Kearney  road  to  where  it  crosses  the  head  of  Soap  Creek,  and  a  little  way  on 
ascend  what  was  knowu  in  the  days  of  Fort  Smith  as  the  Big  Hill.  Soon  after  reach- 
ing the  top  of  this,  we  leave  the  road  to  our  right,  and  cross  several  very  miry  streams, 
probably  branches  of  Soap  Creek.  The  course  selected  takes  us  through  beautiful  high 
rolling  hills,  covered  with  fine  grass.  At  midnight  a  halt  is  made  on  Rotten  Grass 
Creek,  where  the  water  and  grass  are  good.  Small  timber  grows  along  the  banks  of  the 
stream,  which  flows  through  a  pretty  though  narrow  bottom,  apparently  extendiug 
all  the  way  to  the  valley  of  the  Big  Horn.  Distance  travelled  since  leaving  last  camp, 
18  miles.     Distance  from  Fort  Pease,  92  miles. 

28th. — Saddling  up  and  starting  at  9.25  a.  m.,  we  move  in  a  direction  60°  east  of 
north,  and  at  10. 10  a.  m.  reach  a  small  tributary  of  Rotteu  Grass,  with  good  wood,  but 
poor  and  little  water.  We  pass  up  this  creek  a  short  distance,  and  then  over  high 
rolling  hills  thickly  carpeted  with  grass.  Large  game  trails  cross  the  country  in  all 
directions,  bnt  so  far  this  morning  we  have  only  seen  a  band  of  antel>pe.  At  11  o'clock 
we  are  at  the  top  of  a  high  divide,  and  turning  north  71°  east  pass  down  a  little  creek, 
along  which  are  seen  a  number  of  white-tail  deer.  Buffalo  are  in  sight  again.  At 
noon  having  marched  1\  miles,  a  fine  stream  is  reached  and  a  halt  made.  Here  we 
find  hard-wood  (ash)  growing,  something  I  have  never  before  seen  in  Montana.  As 
numerous  little  creeks  join  this  one,  we  name  it  "Many  Stream  Creek."  The  valley 
is  about  a  half  a  mile  wide,  and  runs  a  little  west  of  north.  The  belt  of  country  we 
are  now  traveling  in  is  as  fine  a  grazing  district  as  cau  be  found  anywhere,  combining 
hills  and  valleys,  with  everywhere  a  perfect  mass  of  the  most  nutritious  grasses. 
Numerous  streams,  fed  by  the  melting  snows  of  the  Big  Horn  Mountains,  furnish  clear 
and  pure  water  at  short  intervals.  Besides,  the  country  is  alive  with  game;  buffalo, 
elk,  deer,  and  antelope  are  seen  in  g^eat  numbers.  It  is  a  hunter's  paradise.  At  2  p. 
m.  we  are  again  in  the  saddle;  traveling  north  39°  east,  brings  us  at  3.25  p.  m.  to  a 
Binall  creek  running  north  45°  east.  This  we  follow  dowu  three  miles  to  where  it  joins 
another  running  north  71°  east;  crossing  the  latter  and  passing  dowu  its  north  bank 
four  miles,  we  arrive  opposite  the  month  of  a  creek  entering  from  the  south  ;  the  two 
combined  run  a  nice  stream.  The  Indians  call  this  Long  Creek,  but  on  the  map  it  is 
named  Grass  Lodge.  Along  the  banks  there  a?e  ash  aud  cotton  wood  timber  grow- 
ing in  a  valley  three-quarters  of  a  mile  broad.  At  6  p.  m.  we  reach  a  large  stream  issu- 
ing from  a  little  bottom  almost  hidden  by  the  hills.  This  is  the  Little  Big  Horn  River. 
Tnrnirf^  to  the  left  we  move  one  mile  dowu  the  lefr,  bank,  and  unsaddle  in  a  pleasant 
and  strong  camp.  On  the  opposite  side  of  the  river  are  high  aud  broken  saodstoue  bluffs, 
but  ou  this  side  is  a  beautiful  and  extensive  valley  mora  than  a  mile  wide.  In  the  soil, 
like  that  in  the  upper  valley  of  the  Big  Horn,  not  a  pebble  is  found;  it  has  a  gentle 
slope  to  the  river,  and  is  everywhere  covered  with  good  grass.  The  river- water  is 
clear  and  cold,  a  fact  that  renders  it  very  agreeable,  as  the  day  has  been  warm.  Ash  tim- 
ber grows  along  the  banks  in  great  abundance.  Distance  marched  during  the  day,  21| 
miles;  since  leaving  Fort  Pease,  113$. 

29f/». — This  morning  we  start  at  £.45,  and  continue  our  march  down  the  left  bank, 
in  a  direction  about  5°  west  of  north.  On  the  right  bank  the  high  bluffs  are  badly 
cut  up  with  deep  ravines.  A  few  miles  from  camp  we  see  where  a  large  Sioux  village 
was  last  summer.  The  valley  increases  in  width,  and,  if  possible,  in  beauty.  At  11.25 
we  reach  a  print  where  the  river  washes  the  hills  near  Custer's  battle-ground,  on  its 
west,  but  a  short  way  on  again  turns  to  the  right,  and  leaves  a  second  beautiful  and 
extensive  valley  on  its  left.  Near  this  poiut  we  cross  the  river  twice;  it  is  about  15 
yards  wide  and  18  inches  deep,  with  a  good  but  not  a  swift  current.  At  12.4.">  we  halt 
to  noon.  Distance  traveled  this  morning,  12  miles.  Wolf  Mountains,  lying  to  the 
east,  have  been  in  sight  nearly  all  morning,  and  directly  up  the  river  can  be  seen  the 
mountains  of  the  Big  Horn.  The  bearing  down  the  valley  is  north  3°  west.  We  move 
in  the  afternoon  at  2.30  6 miles  down  the  river;  then  turning  to  the  right  and  crown  ng 
it  we  leave  the  Little  Big  Horn  and  its  pretty  valley.  Our  course  is  northeast.  Pass- 
ing into  the  hille,  we  are  soon  in  the  midst,  of  a  very  broken  country.  After  3  miles 
our  course  changes  15°  more  east,  and  at  a  distance  of  5  miles  from  the  Little  Big  Horn 
we  reach  one  of  the  tributaries  of  Tullock's  Fork',  and  are  disappointed  iu  finding  it 
dry.  Turning  to  the  left,  we  follow  down  this  dry  gully,  intendiug  to  halt  as  soon  as 
we  find  water.  A  little  way  on  we  see  a  small  buffalo-h*-rd,  and  kill  five  of  them. 
8.45  p.  m.  brings  us  to  a  miserable  little  creek,  coming  iu  on  the  right,  in  which  the  buf- 
falo have  been  recently  wallowing,  aud  near  which  they  have  eaten  off  all  the  grass. 
Making  a  virtue  of  necessity,  we  go  iuto  camp,  having  marched  15  miles  since  noon, 
and  27  miles  during  the  day  ;  since  leaving  Fort  Pease,  140^. 

30//i. — Getting  off  at  5.15  a.  m.,  we  march  down  the  left  bank  of  Tullock's  Fork, 
bearing  north  b'°  west.    The  sandstone  formation  baa  once  more  i enlaced  the  granite, 
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and  the  country  is  poorer.  On  each  side  are  rough,  barren,  and  poorly- watered  hills, 
many  of  them  looking  but  little  better  than  the  Missouri  River  bad  lands.  At  8  a.  m., 
having  marched  9  miles  and  finding  good  grass,  we  halt  and  turn  the  animals  out  to 
graze.  Ash  grows  in  the  bottom,  which  is  a  half  a  mile  wide.  The  water,  standing 
in  pools,  is  cold  and  tolerably  good,  although  not  clear.  Moving  agaiu  at  half  past 
12,  onr  route  lies  down  the  creek,  bearing  north  14°  west,  but  3  miles  on  changes 
almost  due  north.  Small  pine  timber  begins  to  appear  on  the  hills,  and  on  the  sand- 
stone spurs  running  down  from  Little  Wolf  Mountains.  Buffalo  have  been  around  us 
all  day,  aud  quite  a  number  of  deer  are  seen.  At  4  p.  m.,  after  marching  11  miles,  we 
halt  for  the  night.  Distance  marched  during  the  day,  20  miles;  since  leaving  Fort 
Pease,  160£.  We  have  now  nearly  completed  our  scout,  and  no  fresh  Indian  signs  have 
been  discovered.  Many  of  our  horses  and  mules  are  very  weak,  several  having  already 
been  abandoned. 

May  1st. — We  s*art  this  morning  at  7.15,  and  continue  down  the  creek,  bearing  north 
16°  west  until  8.30  a.  m.,  when  it  changes  north  23°  west,  and  a  half  an  hour  later 
(nearly  2  miles)  north  28°  west.  As  the  creek  is  very  crooked,  we  cross  it  often.  The 
bottom  grows  good  grass,  large  cotton  woods  and  ash ;  it  is  bordered  on  each  side 
with  broken  bluffs,  covered  with  t»cat.tering  pine  timber.  Deep  ravines,  looking  as  if 
in  wet  seasons  they  carry  great  quantities  of  water,  put  in.  frequently  on  either  side. 
After  marching  12  miles  we  reach  the  month  of  Tul lock's  Fork,  emptying  into  the  Big 
Horn  about  a  mile  above  the  junction  of  the  latter  stream  with  the  Yellowstone. 
Passing  through  a  small  valley  on  these  two  rivers,  we  cross  the  Yellowstone  2(  miles 
below  the  mouth  of  the  Big  Horn.  The  ford  is  4  feet  deep,  and  as  the  current  is  very 
s»ift,  it  is  crossed  with  great  difficulty.  Two  miles  farther  on  we  lejoin  the  com- 
mand at  Fort  Pease,  at  3  p.  m.  Distance  marched  on  the  scout,  178  miles.  The  com- 
mand remains  in  camp  here  until  the  10th. 

On  the  night  of  the  2<1  and  3d  the  Crow  scouts,  who,  contrary  to  orders,  failed  to  tie 
np  their  ponies,  had  them  stolen  by  a  small  party  of  Sioux  from  down  the  river.  On 
the  7th  a  Mackiuaw  boat  arrives  from  ''  Benson's,"  three  days  out.  On  the  8th  Captain 
Freeman  aud  Captain  Logan  reach  us  with  supplies  we  left  behind. 

10th. — To-day  we  commence  to  move  down  the  river,  intending  to  travel  slowly 
nntil  General  Terry  is  heard  from.  Breaking  camp  at  8.30  a.  m.,  the  command  tnovrs 
down  the  valley ;  three  miles  on  there  is  a  bad  ravine  running  from  the  hills  to  the 
river.  It  is  from  15  to  20  feet  deep  aud  25  wide,  with  a  muddy  bottom  and  vertical 
sides  of  soft  earth  ;  two  miles  farther  there  is  another.  It  is  evident  that  they  serve 
as  important  water-channels  for  the  hills  to  the  north.  Although  dry  now,  the  train 
is  gre » tly  delayed  in  crossing  them.  The  valley  between  them  is  broad  and  fertile, 
and  the  cotton  wood  timber  along  the  river  very  dense.  The  steep  sandstone  bluffs  to 
the  north  are  becoming  of  easier  ascent.  On  the  opposite  side  of  the  Yellowstone  the 
broken  bills,  covered  with  scrubby  pine,  begin  to  recede  from  the  river.  These  hills, 
although  by  no  means  fertile,  are  picturesque.  After  traveling  7  miles  our  road  turns 
to  the  left  and  ascends  the  bluffs,  and,  having  reached  (he  top,  we  find  ourselves  on  an 
extensive  plateau.  Due  east  can  be  seen  a  sharp- pointed  butte,  a  very  prominent  land- 
mark, to  which  I  give  the  name  Cayote  Butte.  The  guide,  Mich.  Bouyer,  informs  me 
it  stands  ou  the  east  side  of  the  Great  Porcupine,  just  where  this  stream  enters  the 
Yellowstone  Valley.  To  the  north,  in  the  direction  of  the  Musselshell  and  the  Dry 
Fork  of  the  Missouri,  the  country  is  sterile  and  barren.  The  course  of  the  Yellow- 
stone, seen  for  a  great  distance,  is  a  little  north  of  east.  On  its  south  bank  lies  a  large 
valley.  There  is  much  gravel  in  tbe  soil  along  the  plateau,  and  the  grass  is  poor.  A 
deep  ravine  runs  through  it,  about  12  miles  from  Fort  Pease,  in  which  there  is  water 
standing  iu  pools.  It  soon  begins  to  rain  in  torrents,  but,  thauks  to  the  gravelly  soil, 
this  does  not  make  the  ground  very  soft.  About  6  p.  m.  we  turn  to  the  right,  and, 
passing  down  a  ravine,  reach  the  Yellowstone,  on  which  we  go  into  camp,  among 
large  cottonwoods,  at  7.30  p.  m. ;  distance,  U>$  miles.  The  general  bearing  of  to-day's 
march  is  north  60°  east.  Captain  Clifford,  wuo,  with  his  company  of  the  Seventh  In- 
fantry, came  down  the  river  in  three  small  boats  found  at  Fort  Pease,  arrives  safely. 

11/A. — Remain  in  camp. 

12M.— Starting  at  7/JO  a.  m.,a  few  minutes  march  brings  us  to  "  Froze-to-Death  Creek," 
so  named  by  the  Crows,  because  nine  of  their  tribe  once  froze  to  death  near  it.  There 
is  but  little  water  in  it,  aud  that  is  poor ;  it  has  a  narrow  bottom,  in  which  there  is 
some  timber.  On  each  side  are  *'  bad  lands,"  containing  mauy  fossils,  mostly  mussels. 
Just  beyond  this  creek  the  valley  increases  in  width,  and  finally  becomes  nearly  3  miles 
wide ;  it  grows  large  sage  brush,  but  the  grass  is  generally  poor.  The  hills  to  the  uorth 
look  sterile  and  broken.  Seven  and  a  quarter  miles  from  camp  it  becomes  necessary  to 
take  to  the  hills.  Crossing  a  dry  creek  along  the  banks  of  which  are  a  great  many  fossil- 
iforous  sandstone  rocks,  and  passing  through  some  barren  hills,  we  gain  a  high  and 
large  plateau,  1 1  miles  from  camp.  From  here  one  obtains  ail  extensive  view.  In  every 
direction  can  be  seen  an  elevated  country,  broken  here  and  there  by  craggod  sandstone 
bluffs  and  buttes;  occasionally  by  a  little  bottom  on  the  Yellowstone,  add  sometimes 
by  the  river  itself.     Iu  this  numerous  islands,  heavily  wooded,  begiu  to  appear.    At 
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5.30  p.  m.  we  encamp  on  the  Yellowstone,  in  a  pretty  spot  snrronnded  by  Cottonwood 
groves.  Distance  marched  during  the  day,  18.90  miles.  On  a  bar  in  the  river,  which, 
by  the  way,  is  rising,  are  the  carcasses  of  eight  buffaloes;  doubtless  they  broke  through 
the  ice  last  winter  during  the  passage  of  a  Targe  herd. 

13/ A. — Remain  in  camp ;  a  scontiug  paity  is  sent  to  the  Rosebud,  and  returns  without 
seeing  any  signs  of  Indians. 

141  h. — Breaking  camp  at  7.45  a.  m.tour  route  lies  through  a  little  bottom  bordered 
on  the  liorth  by  the  ceaseless  bluffs  of  sandstone  in  horizontal  layers;  3.7  miles  from 
camp  we  reach  and  cross  the  Great  Porcupine,  in  which  there  is  a  little  water,  toler- 
ably good.  Its  banks  are  generally  steep  and  its  bottom  soft.  At  this  point  the  val- 
ley is  broad  aud  fertile,  and  grows  dense  timber  along  the  river.  Nine  miles  from 
camp  our  guide  discovers  a  fine  spring,  which  we  dig  out  and  name  after  him,  (Bou- 
yer.)  Here  the  bluffs  circling  around  run  down  to  the  river,  a  fact  that  causes  us  to 
pass  once  more  into  the  hills.  Traveling  along  the  bed  of  a  dry  creek,  we  reach  after 
much  winding  the  top,  but  a  half  a  mile  on  pass  down  another  ravine,  so  narrow  in 
places  that  it  scarcely  permits  a  wagon  to  pass.  From  the  out  banks  seen  along  here, 
it  is  evident  there  have  been  several  drift  periods,  (of  gravel,)  covering  the  couniry 
from  2  to  5  feet  deep.  At  the  mouth  of  this  creek,  12.10  miles  from  camp,  a  fine  band 
of  elk  approach  withiu  a  few  feet  of  us.  Turning  to  the  left  and  following  along  the 
river,  we  pass  through  a  eage-brush  bottom,  and  go  into  camp  on  the  Yellowstone  at 
4.45  p.  in.,  nearly  a  mile  above  the  Little  Porcupine.  Distauoe  marched  duri  <g  the 
day,  16.97  miles.  Our  camp,  situated  in  a  bend  of  the  river,  is  a  good  one.  The  val- 
ley, which  is  nearly  two' miles  wide,  is  skirted  on  The  north  by  sandstone  bluffs,  many 
of  them  having  a  fiat  top,  which  caused  Lewis  and  Clarke  to  call  the  Little  Porcupine 
"Table  Creek."  The  sandstone  formation  exists  every  where  in  this  section,  and  the 
layers  are  almost  always  horizontal..  Most  of  the  streams  from  the  north  run  dry 
while  pass  ng  through  the  arid  hills.  Two  hours  after  going  into  camp  a  rain-storm 
completely  Hoods  the  camp;  this  is  followed  by  a  severe  hail-storm,  which  stampeded 
the  herd. 

15M. — Remained  in  camp.  The  Little  Poron pine,  swollen  by  yesterday's  rain,  ran* 
a  stream  of  very  filthy  water  30  feet  wide  and  18  inohes  deep.  We  remain  in  this 
camp  until  the  20th.  .  On  the  17th  a  movement  is  started  against  a  Sioux  village  which 
has  been  discovered  on  Tongue  River,  but  on  account  of  being  discovered  before  the 
crossing  is  completed,  aud  the  difficulty  of  making  the  horses  swim  the  river,  the 
movement  is  abandoned. 

20th. — This  afternoon  some  of  the  scouts  report  the  Sioux  crossing  in  large  numbers 
at  the  month  of  the  Rosebud  Creek.  .  Leaving  a  small  party  to  guard  the  train,  the 
rest  of  the  command  moves  down  the  valley,  crosses  the  Little  Porcupine,  then  on 
through  a  large  valley  to  a  poiut  opposite  the  Rosebud.  The  report  about  the  cross- 
ing is  now  found  to  be  a  mistake.  About  a  mile  below  the  Little  Porcupine  is  one  of 
those  deep  ravines  which  one  sees  so  often  along  this  portion  of  the  Yellowstone.  The 
valley  is  about  3  miles  wide,  and,  if  irrigated,  would  produce  tine  crops.  Across  the 
river,  which  is  skirted  by  heavy  timber,  in  a  directiou  south  17°  east,  are  the  Big 
Wolf  Mountains,  a  bunch  of  low  sandstone  peaks;  still  farther  to  the  east  can  be  seeu 
a  line  of  broken  hills  lying  this  side  of  Tongue  R*ver.  Having  marched  H.66  miles, 
cump  is  made  on  the  river  between  2  and  3  miles  below  the  mouth  of  the  Rosebud. 
The  command  remains  in  this  camp  until  the  5th  day  of  June  awaiting  supplies  and 
news  from  the  troops  that  are  to  come  up  the  river.  Indians  hover  around  from  time 
to  time,  but  scamper  off  upon  the  first  signs  of  pursuit.  During  the  first  few  days 
the  weather  is  very  warm  ;  then  it  turns  cold  and  snows,  and  again  clears  up  and  is 
pleasant.  The  river  rises  nearly  5  feet,  aud  is  250  yards  wide.  The  Indian  village  is 
supposed  to  have  moved  to  the  Rosebud  some  15  or  20  miles  above  its  mouth. 

June  bth — This  morning  the  movement  down  the  river  is  continued.  Breaking 
camp  at  9  a.  m.,  we  march  down  the  valley,  and  about  24  miles  from  camp  cross  a 
deep  ravine  which  we  have  bridged.  Farther  on  the  soil  is  alkaline  aud  soft.  Having 
traveled  9  miles,  we  reach  a  poiut  where  the  valley  is  terminated  by  a  steep  hill  which 
cannot  be  turned.  As  it  is  too  late  in  the  day  to  attempt  to  orosa  it,  we  encamp  on  the 
river  iu  a  beautiful  spot  at  1.45  p.  m.  Several  bears  are  seen,  and  one  killed.  The  day 
has  been  exceedingly  warm,  but  in  the  eveuing,  as  full  moon  rises,  it  is  pleasant,  aud 
the  camp  extremely  pretty. 

6th. — Starting  at  7.40  a.  m.,  20  minutes'  march  brings  us  to  the  foot  of  the  "Steep 
Hill ; "  it  is  only  275  yards  long,  but  is  covered  with  loose  gravel,  and  so  steep  that  it 
takes  us  3  hours  to  get  the  traiu  up.  Having  reached  the  top,  the  rough  aud  barreu 
bills  can  be  seen  extending  for  miles  to  the  north.  Bearing  to  the  left,  we  soon  begin 
to  descend  alongUHmail  creek,  in  the  banks  of  which  lignite  is  cropping  out  between  lay- 
ers of  sandstone ;  5.69  miles  from  camp  we  again  reach  the  Yellowstone  and  its  valley. 
Passing  through  a  sage-brush  bottom,  along  heavy  timber,  and  over  deep  ravines,  we 
encamp  on  the  Yellowstone,  among  large  cotton  woods,  at  4  p.  ra.,  haviug  marched 
10.54  miles.  The  eveniug  is  pleasant,  but  during  the  day  there  have  beru  occasional 
showers. 
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7th. — We  start  this  moruiug  at  7.40  and  continue  onr  coarse  along  tbe  river.  The 
inarch  U  not  a  pleasant  one,  for  the  day  is  dark  and  cloudy,  with  a  stiff  and  cold 
breeze  bl  »wi ng.  The  ground  is  literally  covered  with  cactus,  the  largest  I  have  ever 
seen,  and  through  this  tbe  men  and  animals  pick  their  way  carefully,  but  not  without 
pain.  The  valley  is  13  or  14  miles  in  length,  and  over  4  in  breadth,  and,  if  irrigated 
from  the  river,  would  doubtless  make  fine  farms.  Seven  and  three-fourths  miles  from 
camp  our  rond  crosses  a  dry  creek,  just  where  it  issues  from  the  hills,  and  a  short  way 
on  ascends  the  blufls,gaining  a  magnificent  plateau.  The  grass,  unlike  that  on  most  of 
tbe  table-lands  we  have  passed  over,  is  very  tine.  The  soil  is  black,  rich,  and  entirely 
free  from  pebbles ;  it  can  be  seen  stretching  away  for  miles  to  the  north,  and  finally  runs 
itself  out  in  a  rough-looking  divide.  In  the  afternoon  we  pass  the  mouth  of  Tongue 
River,  coming  in  on  the  opposite  side,  and  flowing  through  a  large  and  fertile  valley, 
thickly  timbered.  Our  elevated  position  enables  us  to  see  up  it  about  12  miles,  when 
it  turns  to  the  southwest,  after  which  it  is  hidden  by  the  hills,  looking  rough  and  bar- 
ren. To  the  east  the  very  broken  divide  this  side  of  Powder  River  is  plainly  in  sight. 
8ome*liirIculty  is  experienced  in  finding  a  place  to  get  tbe  traiu  down  to  tbe  river,  lint 
finally  a  little  bottom  about  3  miles  below  Tongue  'River  is  selected,  and  we  go  into 
camp  at  7.10  p.  ro.,  after  a  march  of  21$  miles. 

8/A. — Last  night  the  river  rose  6  inches;  the  morning  is  cool  and  pleasant.  Moving 
at  7.40  a.  m.,  we  pull  up  a  long  bill,  and  crossing  over  a  narrow  ridge  descend  iuto  the 
valley  of  Sunday  Creek,  in  which  the  water  is  a  half  afoot  deep,  but  is  not  good.  Dis- 
tance, 2.89  miles.  The  bottom  is  from  a  half  a  mile  to  a  mile  in  width,  and  grows  good 
grass  and  some  timber.  Following  down  this  creek  nearly  four  miles,  and  then  turn- 
ing to  the  left,  we  cross  over  a  low  pass  and*  reach  a  Hue,  large  v alley  on  the  Yellow- 
stone. The  grass  grows  luxuriantly,  and  is  heavy  enough  to  cut  for  hay.  At  3  p.  m., 
having  marched  10|  miles,  a  halt  is  made  for  two  hours  and  the  animals  turned  out  to 
graze.  Buffalo  Rapids  are  just  below  us ;  they  are  caused  by  a  ledge  of  sandstone  run- 
ning across  tbe  river  at  an  angle  with  the  channel  of  about  60°,  and  by  loose  bowlders 
below  this.  At  present  there  is  plenty  of  water  on  them  to  permit  the  passage  of  any 
boat  on  the  Upper  Missouri.  At  5  p.  in.,  the  march  is  resumed  and  continued  until  6 
p.  m.,  when  we  encamp  on  the  Yellowstone;  near  camp  is  one  of  those  deep  ravines  so 
common  in  the  valleys  between  here  and  Fort  Pease.  At  this  point  another  sandstone 
reef  runs  across  the  river ;  it  is  not,  however,  so  bad  as  the  one  above.  But  little  tim- 
ber grows  along  the  river  in  this  valley,  which  in  other  respects  is  one  of  the  finest  on 
the  Yellowstone.  It  is  about  5  miles  wide  and  11  in  length,  and  is  everywhere  covered 
with  thick  green  grass.  Distance  marched  during  the  day,  16.15  miles.  Distance  from 
Fort  Ellis,  334.32  miles. 

9th. — General  Terry  arrives  this  morning  on  the  steamboat  Far  West,  and  returns 
down  the  river  after  a  stay  of  less  than  two  hours.  General  Custer  is  on  Powder  River, 
and  is  to  move  up,  while  we,  taking  the  back  trail,  are  to  take  a  position  opposite  the 
mouth  of  Rosebud  Creek.  During  the  afternoon  there  is  a  heavy  rain-storm,  which 
continues  iuto  the  night. 

10th. — The  rain  continues  uutil  8  a.  m.    The  ravine  mentioned  as  being  just  below 
camp,  aud  which  was  dry  yesterday,  now  runs  a  stream  12  feet  deep  and  15  wide  ;  this 
explains  the  many  deep  cuts  seeu  in  the  bottoms  between  here  and  Fort  Pease.    Rains 
falling  in  tbe  bad  lands  back  of  these  valleys  penetrate  the  soil  only  about  6  or  8 
inches,  when  a  kind  of  paste  is  formed  which  turns  water  like  a  roof.    The  water  de- 
scending through  tbe  narrow  ravines  among  the  hills  strikes  the  valleys  with  great 
force  and  cuts  deep  channels  for  itself,  the  sides  of  which  are  as  steep  as  the  walls  of  a 
ro  'in.     1  have  seen  the  raius  pour  do  wn  iu  torrents  among  these  bad  lauds,  and  although 
one  raises  great  masses  of  mud  at  each  step,  yet  just  beneath  this,  at  the  depth  of  six  or 
eight  inches,  a  fine  dust,  not  unfrequently  red  like  brick-dust,  is  scattered  by  the 
wind.    Tbe  command  returns  from  here  to  a  point  about  four  miles  below  the  mouth  of 
the  Rosebud,  the  cavalry  going  first,  preceding  the  infantry  one  day.    The  late  rains 
have  made  the  loads  very  soft,  and  io  addition  to  this  there  is  great  difficulty  in  get- 
ting over  Sunday  Creek,  and  on  the  plateau  beyond  this  oreek,  which  on  the  8th  had 
scarcely  any  water,  is  now,  the  11th,  a  river  50  yards  wide  and  from  3  to  6  feet  deep. 
The  marches  of  the  cavalry  were  estimated,  those  of  the  infantry  were  measured,  and 
are  as  follows  viz  * 

On  the  11th,  U.23  miles;  on  the  12th,  15.6;  on  the  13th,  13.16;  on  the  14th,  11.88; 
total,  49.87  miles. 

We  remain  in  camp  here  (4  miles  below  the  Rosebud)  until  the  21st.  Most  of  the 
time  the  weather  is  ve«-y  warm.  The  river,  already  high,  continues  to  rise.  On  the 
17th  the  Crow  scouts  report  a  big  dust  on  the  Rosebud,  and  shortly  afterward  a  num- 
ber of  horsemen  on  the  opposite  bank  of  the  Yellowstooe,  2£  miles  above.  By  means 
of  siguals,  General  Gibbon  learns  it  is  Colonel  Reno  with  six  companies  of  the  Seventh 
Cavalry.  The  river  is  so  broad  that  we  have  to  use  field-glasses  to  read  the  signals. 
The}'  have  been  scouting  on  Powder  aud  Tongue  Rivers,  and  on  Rosebud  Creek.  No 
Indians  have  been  seen,  but  a  large  trail  leading  toward   the  little  Big  Horn  has. 
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Colonel  Reno  returns  down  the  river  to-morrow  to  rejoin  his  regiment,  supposed  to 
be  near  Tongue  River. 

On  the  21st,  the  Far  West,  with  General  Terry  on  board,  arrives;  orders  are  given 
us  to  proceed  at  once  to  Fort  Pease.  This  movement  has  been  in  part  anticipated, 
a*  we  are  all  packed  and  ready  to  start.  At  9.45  a.  m.  the  march  is  commenced. 
While  passing  the  mouth  of  the  Rosebud  a  big  dust  is  seen  in  the  direction  of  Big 
Wolf  Mountains,  and  soon  General  Custer's  long  line  of  cavalry  comes  into  sight. 
Having  marched  18.95  miles,  we  £0  into  camp  on  the  Yellowstoue,  at  7.45  p.  m.,  in  the 
lower  end  of  the  Great  Porcupine  Valley.  The  tents  are  scarcely  pitched  when  a 
severe  hail-storm  sets  in ;  the  .hail-stones,  which  are  half  as  large  as  an  egg  nearly  drive 
the  horses  frantic.  At  midnight  Lieutenant  Low  reaches  us  with  a  battery  of  Gatling 
guns;  he  came  from  Fort  Lincoln  with  General  Custer.  The  country  froru#here  to 
Fort  Pease  having  been  already  described,  it  is  unnecessary  to  give  the  journal  in  full 
here.  The  cavalry  and  infautry  march  separately;  the  marches  of  the  former  are 
estimated,  and  those  of  the  infantry  measured.    They  are  as  follows,  viz: 

On  the  22d,  20.73 ;  on  the  23d,  21.04  ;  on  the  24th,  3.76,  (2±  miles  above  Pease.)  "Total 
distance  since  leaving  camp  on  the  morning  of  the  21st,  64.48  miles. 

June  24th. — The  Far  West  arrives  at  6  a.  m.  General  Terry  is  aboard,  and  intends  to 
accompany  our  column.  One  company  of  infantry  is  left  to  guard  the  train,  the  rest 
of  the  command  begins  crossing  immediately.  By  5.30  p.  m.  we  are  in  camp  on  Tul- 
lock's  Fork,  near  the  mouth,  and  4.02  miles  from  our  camp  of  this  morning.  General 
Gibbon  is  so  sick  that  he  is  obliged  to  remain  on  the  boat,  which  is  to  run  up  the  Big 
Horn,  and  meet  us  if  possible  at  the  mouth  of  the  Little  Big  Horn.  The  plan  of  the 
campaign  seems  to  be  for  us  to  move  to  the  Little  Big  Horn,  and  thus  get  below  the 
village  supposed  to  be  on  that  stream,  while  General  Cnster  strikes  them  from  above. 
Both  commands  have  left  their  wagons,  aud  are  traveling  with  pack-animal*. 

23M.— Starting  at  5.45  a.  in.,  we  move  up  Tullock's  Fork  3.3  miles,  when  it  is  decided 
to  turn  to  the  right  along  a  dry  creek,  and  ascend  the  ridge  between  here  and  the  Big 
Horn.  Having  reached  the  summit,  it  becomes  absolutely  necessary  to  follow  it, 
although  it  is  narrow  and  very  crooked.  The  entire  divide  is  composed  of  sandstone, 
usually  in  horizontal  strata.  Rough  ravines,  hundreds  of  feet  deep,  and  tilled  with 
scrubby  pine,  run  back  almost  to  the  summit  from  both  the  Big  Horn  and  Tnllock's 
Fork.  The  day  is  excessively  warm,  and  the  infantry  toiling  along  over  the  brokeu 
conntry,  suffer  much  for  water,  which  cannot  be  found  any  place  along  the  divide. 
After  marching  21.35  miles,  and  passing  down  a  hill  where  the  Gatling  guus  have  to  be 
lowered  by  hand,  the  Big  Horn  is  reached,  enabling  men  and  animals  to  quench  their 
intense  thirst.  Halting  here  a  few  minutes  we  aga  n  take  up  the  inarch,  and  climbing  „ 
over  a  high  bill  reach  a  pretty  bottom  on  the  Big  Horn.  Here  a  halt  is  made  amoug 
noble  cottonwood  trees.  Distance  marched  during  the  day,  23.65  miles.  On  the  op- 
posite side  of  the  river,  the  large  valley  mentioned  iu  the  journal  of  April  25th,  begins 
to  open  out.  At  4.30  p.  m.  the  rain  begins  to  fall  heavily,  but  General  Terry  decides 
to  push  on  with  the  cavalry  and  battery,  desiring  to  get  in  the  immediate  vicinity  of 
the  Little  Big  Horn  as  soon  as  possible.  The  infantry  being  completely  exhausted  oy 
the  day's  march,  which  has  been  a  severe  oue,  is  to  remain  in  camp,  and  follow  in  the 
morning.  At  5.15  p.  m.,  we  are  again  in  the  saddle  and  continuing  our  march  up  the  Big 
Horn.  After  leaviug  the  little  bottom,  in  which  we  have  beeu  resting,  our  course  lies 
over  rough  hills  and  across  deep  raviues.  Night  comes  on  very  dark,  and  the  rain 
continues  to  fall  heavily  until  10.30  p.  m.  It  is  with  difficulty  that  the  parts  of  the 
command  iu  rear  can  see  to  follow  those  in  advance.  The  battery  especially  has  great 
difficulty  in  keeping  up.  At  midnight  we  halt  on  a  ravine,  where  there  is  a  Tittle 
water  standing  in  holes,  and  near  which  the  grass  is  tolerably  good.  There  is  some 
wood  here,  but  to  prevent  all  risk  of  signaling  our  approach,  no  fires  are  lighted.  Dis- 
tance marched  since  leaving  the  infanrry,  12.10  miles  ;  during  the  day,  35.75. 

26th. — Starting  at  9.15  a.  in.,  we  go  but  a  short  way,  when  Lieutenant  Bradley,  in 
charge  of  the  scouts,  brings  in  word  that  two  of  our  Crows  who  were  sent  with  Gen- 
eral Custer,  are  on  the  opposite  side  of  the  Big  Horn,  and  say  that  General  Custer  was 
badly  beaten  yesterday  and  killed  in  a  fight  about  18  miles  from  here  on  the  Little 
Big  Horu,  which  river  is  now  but  a  short  distance  in  our  front.  Up  this  stream  a  big 
smoke  can  be  seen ;  but  the  report  of  the  Crows  not  being  generally  believed,  it  is 
supposed  to  be  caused  by  Custer  burning  the  village.  A  halt  is  made  to  await  the 
infantry,  and  about  this  time  General  Gibbou  arrives  lrom  the  boat,  which  he  reports 
is  coming  up  the  Big  Horn  without  difficulty,  with  160  tons  of  freight.  The  hills 
around  us  are  barren  and  broken,  growing  little  else  but  cactus.  The  infantry  having 
arrived,  the  march  is  resumed.  After  marching  10.35  mile?,  the  infantry  having  made 
18.85,  a  halt  is  made  on  the  Little  Big  Horo,  iu  a  pretty  spot  covered  with  fine  grass, 
and  surrounded  with  beautiful  groves  of  cotton  wood  and  ash.  The  river  is  about  20 
yards  wide,  and'2&  feet  deep.  At  5  p.  m.  the  march  is  resumed.  Passing  along  the  west 
bank  of  the  Little  Big  Horn,  our  route  lies  through  a  beautiful  valley  carpeted  with 
fine  grass.  After  marching  about  5  miles,  twelve  or  fifteen  ponies  are  picked  up,  and 
shortly  afterward  several  Indians  are  seen  hovering  around  our  front.     A  long  line 
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looking  like  cavalry,  and  three  or  four  miles  on  our  right  and  front  is  seen,  by  several 
officers  through  their  glasses.  Oae  officer  also  sees  something  on  the  hills  to  the  left 
looking  like  buffalo  lying  down.  Night  conies  on  before  anything  definite  can  be  de- 
termined, but  it  is  evident  that  General  Custer  has  not  been  entirely  successful.  Hav- 
ing marched  6f  miles  from  our  last  resting  place,  we  go  into  camp  at  8  p.  m.,  in  the 
middle  of  a  grassy  and  pretty  valley.  Distance  marched  during  the  day  by  the  in- 
fautry,  29.10  miles;  by  the  cavalry,  17  miles.  Whatever  the  result  of  the  light  has 
been,  every  one  anticipates  another  one  to-morrow. 

27th. — The  night  passed  away  quietly.  Making  au  early  start,  we  go  but  a  short  way 
when  two  tepees  are  seen  through  the  timber,  and  crossing  a  narrow  sandstone  point 
(mentioned  in  the  journal  of  April  29)  we  see  just  in  front  of  us  where  a  very  larg*  vil- 
lage was  yesterday.  The  fate  of  Custer  is  now  more  puzzling  than  ever.  We  are  not  left 
much  longer  in  suspense.  Lieutenant  Bradley  sends  in  word  he  has  counted  one  hun- 
dred and  niuety-six  dead  cavalrymen  lying  on  the  hills  to  the  left.  What  the  officer  saw 
yesterday  looking  like  buffilo  lying  down  are  dead  comrades  and  their  horses.  Soon 
two  officers  reach  us  from  Colonel  Reno,  and  tell  us  of  their  part  of  the  action.  "  Where 
is  Custer  f "  is  asked  them.  "  The  last  we  saw  of  him  he  was  going  down  that  high  bluff 
toward  the  lower  end  of  the  village.  We  do  not  know  where  he  is  now."  They  are 
told  "  We  have  found  him."  The  Indians  evidently  left  in  a  great  hurry,  leaving  sev- 
eral lodges  standing,  and  great  numbers  of  buffalo-robes,  blankets,  tepee-poles,  camp 
utensils,  together  with  great  quantities  of  dried  meat  and  50  or  60  ponies.  After  march- 
ing £J-  miles  we  encamp  on  the  Little  Big  Horn  near  Colonel  Reno's  position,  which  is  on 
a  high  and  steep  bluff*.  The  field  and  its  incidents  have  been  described  too  often  to  bear 
repetition  here.  An  official  map  of  it  has  been  made  by  the  chief  engineer  officer  of  the 
department.  The  fight  taking  place  here  reminds  me  of  a  taunt  left  by  one  of  our  Crow 
scouts  not  more  than  3  or  4  miles  up  the  valley  during  our  scout  over  this  same  ground 
on  the  29th  of  last  April.  Taking  an  abandoned  bard-bread  box  and  a  piece  of  char- 
coal he  covered  it  with  a  lot  of  drawings,  which  he  said  would  tell  the  Sioux  that  we 
meant  to  clear  them  out,  and  then  sticking  a  handful  of  green  grass  in  the  cracks,  he 
added,  "  and  this  will  tell  them  we  are  going  to  do  it  this  summer."  It  is  a  little  strange, 
considering  the  hundreds  of  miles  we  have  marched  over,  that  this  taunt  should  have 
been  left  almost  on  the  very  spot  where  the  one  desperate  fight  of  the  campaign  took 
place. 

28th. — Most,  of  the  day  is  passed  in  burying  the  dead,  bringing  the  wounded  down 
from  '*  Reno's  Hill,"  and  making  hand-litters  for  them.  At  6.30  p.  m.  the  movement  for 
the  mouth  of  the  Little  Big  Horn  is  commenced,  but  the  difficulty  of  carrying  the 
wounded  by  baud  is  so  great  that  although  the  march  is  continued  until  midnight  we 
only  make  4.64  miles,  and  then  go  into  camp  on  the  river  near  what  was  the  north  end 
of  the  village. 

29/A. — Last  night's  experience  having  demonstrated  the  inefficiency  of  hand-litters, 
mule-litters  are  constructed  to-day.  A  portion  of  the  command  is  employed  in  burn- 
ing the  plunder  found  iu  the  Indian  camp,  aud  as  there  are  many  wagon-loads  of  it 
the  work  takes  most  of  the  day.  At  5  p.  m.  the  march  is  resumed.  Upon  leaving 
camp  k  was  only  intended  to  proceed  during  the  evening  a  few  miles,  but  meeting 
two  couriers  3  miles  from  camp,  who  inform  us  the  boat  is  at  the  month  of  the  Little 
Big  Horn,  it  is  decided  to  push  on.  After  following  the  valley  marched  through  on 
the  afternoon  of  the  26th,  for  several  miles,  we  turn  to  the  left  across  some  rolling  hills 
and  finally  gain  an  elevated  plateau.  This  plateau  grows  large  cactus,  and  as  the 
night  is  dark,  it  is  very  annoying  to  men  and  horses.  The  steamboat  is  reached  after 
marching. 1 4.9  miles.  On  account  of  the  darkness  it  is  only  after  much  difficulty  that 
a  trail  can  be  found  leading  down  to  the  bottom  near  the  boat.  About  1  o'clock  fires 
are  built  along  a  ravine,  and  by  this  means  the  wounded  are  gotten  down  and  put 
aboard  at  1.30  a.  m.  The  Far  JVtutt  has  been  several  miles  farther  up  the  Big  Horn, 
and  is  now  lying  in  that  river,  about  half  a  mile  above  the  mouth  of  the  Little  Big 
Horn. 

liOih. — The  boat  leaves  about  noon  for  our  supply-camp,  and  General  Terry  being 
aboard,  the  command  falls  to  Geueral  Gibbon.  At  5  p.  m.  the  entire  oommand,  includ- 
ing the  Seventh  Cavalry,  cross  the  Little  Big  Horn  and  go  into  camp  on  ttsuorth  bank, 
near  the  month,  in  a  pretty  camp  among  large  cot  ton  wood  trees.  From  here  to  the 
supply-oamp  the  route  followed  is  nearly  the  same  as  the  one  used  on  our  way  up  a 
few  days  ago.    The  following  are  the  distances  marched,  (approximated.) 

July  la/. — Start  at  5  a.  m.,  march  20  miles,  and  camp  on  the  Big  Horn,  where  the  in- 
fantry camped  the  night  of  the  25th. 

2d. — Started  at  4.30  a.  m.,  march  23  miles,  and  crossing  the  Yellowstone  on  the  boat, 
go  into  camp  where  we  left  the  train.  We  remain  in  this  camp  until  the  22d,  waiting 
for  re -enforcements  and  supplies.  During  this  time  the  river  falls  about  4  feet.  Part 
of  the  time  the  weather  is  very  warm. 

22rf. — The  command  is  moved  to-day  4.33  miles  down  the  river,  to  a  camp  where 
there  is  fine  grass.  The  mosquitoes,  however,  nearly  eat  us  up.  We  remain  in  this 
camp  until  the  27tb.    On  the  24th  there  is  a  hard  rain,  and  by  next  day  the  river  has 
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risen  nearly  a  foot.    On  the  25th  General  Crook  is  heard  from.    He  is  on  Goose  Creek, 
awaiting  re-enforcements. 

27/ft.— This  morniDg  at  11  o'clock  camp  is  moved  down  the  valley  4.06  miles  to  the 
second  ravine  mentioned  in  the  journal  of  May  10th.  The  grass  here  is  superb ;  the 
water,  however,  is  poor.  From  this  last  camp  we  move  to  the  mouth  of  the  Rosebud, 
finding  the  roads  good  all  the  way,  but  the  weather  excessively  warm.  The  following 
are  the  marches  made,  viz : 

28/A.— Start  at  5.30  a.  in.,  march  16.44  miles,  and  go  into  camp  on  the  Yellowstone  at 
2  p.  m. 

29th. — Start  at  5.15  a.  m.,  march  22.9  miles,  and  camp  on  the  Yellowstone  at  4  p.  m., 
about  a  mile  from  Bouyer's  Spring. 

20th. — Start  at  5  a.  m.,  march  15.1  miles,  and  camp  on  the  Yellowstone,  opposite  the 
mouth  of  the  Rosebud.  Here  we  find  fonr  companies  of  the  Sixth  Infantry,  two  of  the 
Seventeenth,  and  one  of  the  Seventh  Cavalry.  The  command  remains  in  this  vicinity 
until  August  8th,  awaitiug  supplies  and  re-enforcements.  The  river  has  fallen  about 
6  feet  below  high-water  mark,  and  the  boats  commence  to  have  trouble  in  shallow 
water. 

On  August  3d  General  Gibbon's  command  crosses  the  Yellowstone,  and  goes  into 
camp  on  the  south  bank,  on  a  high  bench  surrounded  by  still  higher  hills. 

Ou  the  7th  the  beat  is  terrible,  the  thermometer  marking  116°  in  a  tent.  In  the 
evening  everything  is  ready  to  move  next  morning,  about  1,700  strong. 

For  the  purpose  of  abbreviating  this  paper,  which  has  become  already  longer  than 
originally  intended,  the  journal  form  will  be  abandoned  whenever  convenient.  The 
following  are  the  marches  made  up  the  Rosebud,  viz : 

August  8//i. — Start  at  5  a.  m.,  march  9  miles,  and  camp  on  the  Rosebud  at  3  p.  m., 
among  large  cotton  wood  trees. 

9th. — Start  at  5  a.  in.,  march  10.91  miles,  and  camp  at  5  p.  m.,  where  a  very  large  In- 
dian village  has  been  some  time  during  the  spring. 

10/*.— Start  at  5  a.  m.,  march  15  miles,  and  camp  with  General  Crook's  command  on 
Rosebud  Creek. 

Soon  after  leaving  camp  on  the  morning  of  the  8th  we  crossed  the  Rosebud,  which 
is  a  miserable  little  creek  about  15  feet  wide,  with  muddy  banks,  and  a  soft  bottom.  In 
the  lower  part  the  water  stands  in  pools.  The  valley,  which  is  usually  about  one-half 
or  three-quarters  of  a  mile  wide,  grows  good  grass  and  quite  a  quantity  of  cotton  wood 
timber.  It  is  bordered  on  each  side  by  sandstone  bluffs,  in  which  the  strata  is  com- 
monly horizontal.  As  we  proceed  up  the  stream  the  valley  iucreases  a  little  in  width, 
while  the  timber  diminishes  in  size.  The  water  improves,  and  about  18  miles  from  the 
mouth  begins  to  run.  The  creek,  in  the  lower  part  especially,  is  very  crooked,  and  the 
many  crossings  greatly  delay  our  large  trains. 

On  the  9th  an  exceedingly  cold  ram  sets  iu,  and  continues  the  greater  part  of  the 
day,  but  on  the  morning  of  the  10th  it  is  agaiu  clear  and  pleasant. 

At  11a.  ro.  of  the  10th,  those  of  our  Indian  scouts  who  are  in  advance  come  rushing 
back,  crying  "  Sioux,"  and  calling  our  attention  to  a  large  cloud  of  dust  seen  rising 
from  behind  a  hill  a  few  miles  up  the  valley.  Tbat  the  Crows  think  the  time  has  come 
at  last  to  meet  in  fair  battle  their  hated  enemy  is  evident  from  their  excited  words  aud 
actions.  They  leap  from  their  ponies  and  begin  stripping  for  the  tight,  at  the  same 
time  daubing  their  faces  with  paint.  The  squaws,  even  more  excited  than  the  men, go 
hurriedly  to  work  saddling  the  "  war-ponies,"  and  all  the  time  screaming  and  gesticu- 
lating in  the  wildest  manner.  A  cavalry  skirmish-line  with  one  wing  resting  ou  the 
bluffs  and  the  other  in  the  timber  is  stretched  across  the  valley,  the  infantry*  take  posi- 
tion on  the  flanks,  and  the  train  is  placed  in  the  rectangle  thus  formed ;  the  position 
is  an  admirable  one,  aud  the  troops  are  eager  and  confident. 

Soon  the  arrival  of  the  famous  "  Buffalo  Bill  "  puts  an  end  to  our  warlike  demonstra- 
tions, for  he  tells  us  the  dust  arises  from  General  Crook's  column,  consisting  of  25  com- 
panies of  cavalry  and  10  of  infantry.  Both  commands  encamp  together  on  the  Rose- 
bud, and  officers  and  men  alike  compare  notes  upon  the  campaign.  On  snch  occasions, 
when  the  long,  tiresome,  and  continuous  marches  which  have  been  made  are  the  t>pic 
of  the  conversation,  one  appreciates  theimmensity  of  the  country  held  by  a  few  thou- 
sand Sioux — a  country  large  enough  to  support  millions  of  people.  Here  it  is  decided 
to  send  the  wagon-train  back  to  the  Yellowstone  under  General  Miles  and  bis  regimeut 
of  infancry.  Upon  reaching  the  river  he  is  to  patrol  it  on  a  steamboat,  aud  prevent,  if 
possible,  the  Sioux  from  crossing  and  escaping  to  the  north.  All  the  rest  are  to  follow 
a  tepee-trail  found  by  General  Crook's  scouts,  leading  toward  Tougue  River.  Fifteen 
days'  rations  are  put  ou  the  pack-mules,  and  the  march  commenced.  From  this  point 
on  the  Rosebud  it  is  only  10  miles  to  Tougue  River.  The  trail  lead*  over  a  high  divide 
which  presents  a  steep  face  toward  each  stream,  but  the  eastern  side  is  especially  pre- 
cipitous. On  the  summit  is  an  elevated  and  rolling  prairie,  dotted  occasionally  by  a 
small  grove  of  pines.  In  places  the  sandstone  formatiou  has  been  disturbed  by  volcanic 
action,  and  pieces  of  lava  are  scattered  over  the  grouud.    The  grass  is  maguiticeut  aud 
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of  a  variety  known  m  "  bunch-grass."    A  smell  of  snlphnr  coming  from  a  rarine  at- 
tracted attention  to  it,  nod  going  there  I  found  a  seam  of  coal  on  fire. 

Tongue  River  is  a  tine  stream,  75  yards  wide  nod  2  feet  deep  ;  it  has  a  rocky  bottom 
and  the  waror  is  clear  and  good.  We  marched  down  thi9  river  nearly  50  miles,  still 
following  the  Iadim  trail.  The  greater  part  of  the  distance  there  is  a  little  bottom 
on  one  side  or  the  other,  varying  in  width  from  one-half  a  mile  to  a  mile,  and  always 
covered  with  the  most  luxuriant  buffalo-grass.  The  hills  on  each  side  are  very  broken  ; 
in  places  ibny  are  of  various  colors,  usually  red.  Where  we. reached  the  river  there  is 
a  quantity  of  timber,  cof.tonwood  and  ash,  but  about  25  miles  down  it  becomes  quite 
scarce,  uutil  just  below  the  mouth  of  Pumpkin  Vine  Creek,  where  there  is  a  great 
abundau-e.  At  this  point  there  is  an  extensive  and  fertile  valley,  bordered  by  rolling 
liills.  The  citizen-scouts  claim  the  trail  is  growing  much  fresher,  and  that  it  is  only 
five  days  old  when  we  reach  Pumpkin  Vine  Creek;  our  Crowe,  however,  maintain  that 
it  is  at  least  nine. 

The  trail  turns  off  to  Pumpkin  Vine,  a  short  distance  above  where  this  muddy  lit- 
tle creek  joins  Tongue  River,  ano,  following  along  it  6  or  7  miles  through  a  country 
alt^rnaiing  with  valley  and  bench  land,  crosses  over  to  Powder  River. 

Tbe  divide  lyiug  west  of  this  river  is  the  roughest  I  have  ever  seen.  It  is  composed 
of  bad-land  hills  seoarated  by  yawning  ravines  hundreds  of  feet  deep.  Many  of 
these  bills  are  entirely  destitute  of  any  grass ;  even  cactus  refuses  to  grow  on  them. 

Descending  from  this  divide  we  reach  a  little  bottom  on  Turtle  or  Mizpah  Creek,  id 
which  the  water  is  muddy  and  poor.  This  is  doubtless  due  to  the  recent  rains  which 
Jiave  fallen  almost  incessantly  for  the  past  five  days. 

From  where  we  cioss  Turtle  Creek  it  is  but  a  short  distance  to  Powder  River,  which 
is  about  100  yards  wide  and  2  feet  deep.  The  water  running  over  a  sai  dy  bottom  is 
tolerably  good,  although  by  no  means  clear.  The  trail  turned  down  this  river  aud 
followed  it  to  a  point  about  18  miles  above  its  mouth,  then  turned  to  the  right  in  the 
direction  of  the  Little  Missouri. 

It  being  generally  conceded  that  the  Crows  were  right  about  tbe  age  of  the  trail, 
and  that  the  Sioux  are  nearly  two  weeks  ahead  of  us,  we  continue  on  down  the  river 
to  the  Yellowstone  for  tbe  purpose  of  gettii  g  supplies. 

The  valley  of  Powder  River  is  generally  misrepresented  ;  it  is  not  all  a  hideous  waste. 
We  passed  through  several  large  aud  fertile  bottoms  growing  fine  buffalo-grass.  In 
many  places  this  has  been  burnt  off  by  the  Sioux,  intending  by  this  meaus  to  secure 
their  retreat ;  and  had  it  not  been  fur  the  many  heavy  rains  in  the  past  two  weeks 
they  doubtless  would  have  succeeded  in  making  it  an  almost  impossibility  to  pursue 
them.  As  it  is,  mauy  of  General  Crook's  cavalry -horses  are  on  their  Inst  legs.  The 
bluffs  on  each  side  are  very  precipitous  and  often  present  a  bad-laud  face,  yet  on  top 
they  are  generally  covered  with  good  grass.  Large  cotton  wood  timber  grows  almost 
everywhere  hlong  the  banks. 

The  river  seems  extremely  sensible  to  every  rain,  rising  and  falling  in  rainy  weather 
sometimes  twice  a  day  with  a  variation  of  at  least  18  inches.  Its  bottom  is  everywhere 
soft,  aud  in  places  quicksand. 

The  following  are  the  distances  marched  each  day  since  leaving  the  Rosebud  on  the 
11th: 

August  11 /ft. — Start  at  noon,  march  12.45  miles,  and  camp  on  Tongue  River.  During 
the  evening  there  is  a  severe  rain-storm. 

12th. — Start  at  noon,  march  12.64  miles,  over  heavy  roads;  camp  on  Tongue  River 
at  6  p.  m. ;  during  tbe  day  there  have  been  occasional  showers. 

13th.— 8  art  at  7  a.  ra.,  march  24  miles,  and  camp  on  Tongue  River  at  6  p.m.;  during 
the  afternoon  and  evening  there  is  a  hard  rain. 

14th. — Start  at  5  a.  m.,  march  14  miles,  and  camp  on  Pumpkin  Vine  Creek, 

15M.— Srart  at  5.40  a.  m.,  march  20.28  miles,  and  camp  on  Powder  River  at  3  p.  m. 

16th. — Start  at  5,55  a.  m.,  march  19  miles,  and  camp  on  Powder  River  at  3.30  p.  m. 

17th. — An  early  start,  march  24.10  miles,  mid  camp  on  the  Yellowstone,  near  the 
month  of  Powder  River.  We  remained  in  this  last  camp  until  the  25th,  getting  sup- 
plies, and  recruiting  the  strength  of  the  meu  and  animals. 

The  weather  is  very  rainy,  causing  a  rise  in  the  Yellowstone  of  over  a  foot.  In  this 
river,  about  2$  miles  below  the  mouth  of  Powder  River,  are  the  Wolf  Rapid*,  offering, 
just  before  the  rise  mentioned,  considerable  difficulty  to  steamboat  navigation.  The 
expense  of  making  them  navigable  at  all  seasons  when  the  river  is  low  would  be  very 
little,  either  by  removing  the  obstructing  rook  or  by  building  a  wing-dam  so  ae  to 
utilize  all  the  water. 

Tbe  valley  on  the  Yellowstone  at  this  point  is  large  and  fertile,  and  hemmed  in  by 
rolling  and  grassy  hills.  On  the  opposite  side  there  are  a  mass  of  bad  lands,  back  of  a 
little  bottom. 

On  the  morning  of  tbe  24th,  General  Crook's  command  starts  np  Powder  River  to  pick 
np  and  follow  the  Indian  trail.  The  command  belonging  to.  the  Department  of  Dakota 
followed  the  next  day,  and,  marching  17.1  miles,  goes  into  camp,  part  on  the  river 
and  the  rebt  on  a  little  creek.    This  evening  Buffalo  Bill  brings  news  from  Lieutenant 
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Rice,  opposite  the  month  of  Glendive  Creek,  that  the  Indians  are  hovering  aronnd  there. 
For  fear  that  they  may  escape  north,  General  Terry  tarns  in  that  direction.  The  next 
morning,  the  2(>th,  General  Crook  with  his  commacd  is  to  follow  on  along  the  trail. 

Instead  of  returning  to  the  mouth  of  Powder  River,  we  move  obliquely  to  the  Yel- 
lowstone, over  a  high  hilly  country,  where  the  grass  has  been  lately  burnt  off,  and 
reach  the  river  just  above  O'Fallon's  Creek,  and  camp  there.    Distance  22  4  miles. 

The  grass  along  the  route  has  evidently  been  very  tine.  The  hills  are  entirely  desti- 
tute of  timber,  and  are  only  suitable  for  pasturage. 

O'Fallon's  Creek,  swollen  by  the  recent  rains,  is  30  feet  wide  and  nearly  3  feet  deep. 
Crossing  the  Yellowstone  about  6  miles  below  our  camp  of  last  night,  we  set  out  on  a 
long  march  toward  the  Missouri  divide. 

Leaving  the  river  at  6.40  p.  ra.,  on  the  evening  of  the  27th,  we  proceed  a  short  dis- 
tance down  the  stream,  and  then  turu  to  the  left  and  follow  a  large  buffalo-trail  lead- 
ing a  little  west  of  north,  through  pretty  hills  covered  with  good  grass.  The  moon  is 
about  half  full,  and  the  weather  being  fine,  the  march  is  au  exceedingly  pleasant  one. 
After  traveling  6.25  miles,  a  halt  is  made  on  the  prairie  for  the  night. 

The  following  are  the  distances  made  ou  each  day  of  the  march,  from  here  to  a  point 
opposite  the  mouth  of  Glendive : 

August  28th. — Start  at  5  a.  m.}  march  20.95  miles,  and  camp  on  Bad  Route  Creek. 

29th. — Make  an  early  start,  march  17.36  miles,  and  camp  on  Rush  Creek. 

30/A.— March  17.50  miles,  and  camp  on  Deer  Creek. 

3l*f. — March  13.26  miles,  and  camp  on  the  Yellowstone,  near  the  mouth  of  Deer  Creek. 

I  have  always  heard  the  country  passed  over  during  these  marches  described  as  a 
bad-land  waste,  but  such  an  idea  is  a  very  great  mistake;  it  is  one  of  the  finest  grazing 
districts  in  the  world.  In  all  the  distance  traveled,  about  70  miles,  not  more  than  10 
took  us  through  a  poor  country,  and  that  was  on  the  lower  eud  of  Deer  Creek.  Our 
course  was  first  northwest  to  the  head  of  Bad  Route,  then  northeast  to  Deer  Cieek, 
and  thence  down  lhat  creek,  running  southeast,  to  the  Yellowstone.  The  country  is  a 
series  of  long  waving  hills,  thickly  carpeted  with  magnificent  grass,  aud  separated  by 
valleys  which  descend  from  them  in  gentle  declivities.  There  was  some  difficulty  in 
finding  water,  and  yet  we  always  had  enough.  I  do  not  doubt  but  that  our  ignorauce 
of  the  country  accounts  better  for  our  trouble  in  finding  water  than  its  scarcity  does. 
When  compared  with  districts  around  the  base  of  a  granite  mountain  it  cannot  be 
called  a  well-watered  country  ;  yet  1,200  men,  not  one  of  w bom  knew  the  ground, 
marched  through  it  with  as  many  animals,  and  never  wanted  for  water.  The  pebble- 
drift  scattered  over  the  elevated  prairies  farther  up  the  river,  and  which  causes  the 
grass  to  be  thin,  entirely  disappears  here.  It  is  destiued  to  be  some  day  a  favorite  stock 
country,  for  certainly  it  is  capable  of  furnishing  pasturage  for  immense  herds  of  cattle. 

Autelope  and  buffalo  were  seen  in  great  numbers.  On  the  29th,  striking  a  large  buf- 
falo herd,  a  grand  hunt  took  place.  Permission  being  given  to  many  to  join  in  the 
sport  added  additional  excitement  to  the  chase.  About  a  dozen  were  killed,  making 
many  a  man  look  well  pleased  at  the  prospect  of  plenty  of  fresh  meat.  Just  after  this 
hunt  the  Second  Cavalry  was  ordered  to  cross  tho  divide  in  the  direction  of  the  Dry 
Fork,  and  then  turn  and  travel  east.  The  object  of  this  movement  is  to  examine  the 
trails  on  the  northern  slope. 

The  officers  represent  the  country  as  a  good  one.  The  battalion  returned  the  next 
morning  without  having  seen  any  fresh  Indian  signs.  Upon  our  arrival  at  Glendive 
we  were  pretty  well  convinced  that  the  Indians  had  gone  to  the  Little  Missouri,  hav- 
ing broken  up  into  small  parties.  This  opinion  was  strengthened  three  days  later  npou 
the  return  of  the  Seventh  Cavalry,  which  left  us  on  the  head  of  Deer  Creek  and  scouted 
•down  to  the  month  of  the  Yellowstone  without  seeing  a  fresh  trail.  The  country  across 
the  Yellowstone  is  a  high  rolling  prairie,  apparently  growing  good  grass. 

The  mouth  of  Glendive  Creek  lies  about  a  mile  above  camp ;  on  each  side  of  it  there 
is  a  little  bottom.  Along  this  portion  of  the  Yellowstone  there  is  but  little  timber,  in- 
deed it  is  scarce  all  the  way  below  Tongue  River.  A  few  miles  back  from  the  river 
small  but  straight  cotton  wood  and  ash  timber  is  found,  but  not  in  sufficient  quantities 
to  be  of  much  service.  At  one  camp,  the  night  of  the  29tb,  we  were  obliged  to  use  buf- 
falo chips. 

The  river  has  fallen  so  much  that  the  boats  have  great  difficulty  in  navigating  it, 
and  it  is  believed  that,  unless  some  of  the  troops  are  sent  home,  it  will  be  impossible 
to  supply  the  Tongue  River  post.  As  the  Montana  troops  have  the  greatest  distance  to 
march,  they  are  ordered  to  return  home  and  start  on  the  morning  of  September  6. 

The  country  from  Deer  Creek  to  York's  River  is  much  the  same  as  that  traveled  over 
on  our  8'out  out  towards  the  divide. 

Our  route,  upon  starting,  takes  us  through  a  fair  and  large  valley  on  the  Yellow- 
stone, opposite  the  •'  stockade"  built  by  General  Stanley  in  1873.  I  observed  while 
passing  through  this  bottom  that  Turtle  Creek  is  laid  down  wrong  on  the  maps.  It 
joins  the  Yellowstone  5.92  miles  from  Deer  Creek  (measured  along  the  wagon-road) 
and  not  near  the  '•  stockade." 

West  of  York's  River  the  country  grows  rapidly  rougher,  and  following  down  Caster's 
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Creek  one  travels  through  a  hideous  mass  of  bad-lands.  The  ntt-er  waste  of  such  a 
country  passes  the  understanding  of  those  who  have  not  seen  it.  Huge  hills  of  sandy 
clay  and  earth-like  ashes,  entirely  destitute  of  grass,  brush,  or  even  cactus,  "which 
would  be  a  fitting  companion,  lie  thrown  together  in  all  imaginable  shapes.  Some  a 
hundred  feet  high  are  not  any  wider  at  the  base,  and  only  an  inch  or  two  thick  at 
the  summit*  lu  places  the  gray  sandy  clay,  looking  almost  like  sandstone,  but  so 
soft,  that  one  can  mold  it  in  the  hand  like  mud,  stands  with  sides  almost  vertical. 

When  one  begins  to  wonder  why  these  hills  do  not.  follow  the  laws  of  gravity  and 
fall,  he  concludes  that,  it  is  because  evtry  thing  around  is  utterly  without  law  or  order. 
In  other  places  little  mounds  of  chalky  clay,  nearly  pure  white,  are  carved  out  by  the 
winds  and  water  into  the  most  fantastic  shapes.  Various  shapes  and  various  kinds  of 
earth  are  tumbled  together  in  oue  confused  mass*  From  the  month  of  this  creek  we 
proceed  on  to  Union  Creek,  where  we  lurued  back  on  the  10th  of  last  June. 

In  the  hills,  a  short  way  up  the  river  from  Custer  Creek,  I  observed  several  fine 
seams  of  coal,  and  not  far  from  this  volcanic  rock  scattered  around. 

On  the  bad-lauds,  9.92  miles  from  Custer  Creek,  we  made  a  camp  in  a  little  bottom 
on  the  river,  on  the  opposite  side  of  which  is  a  large  and  beautiful  terraced  valley. 
The  next  day  we  reached  Union  Creek,  after  inarching  about  8  miles,  aud  from  there 
followed  our  old  trail  from  Fort  Ellis  with  three  exceptions  ;  one  was  just  above  Fort 
Pease.  Upon  arriving  at  the  ford,  8  miles  above  that  place,  we  found  we  could  not 
cross  the  river  without  wetting  every  thing  in  the  wagons;  this  forced  us  to  take  the 
rough  bills  mentioned  previously  in  this  journal  as  Tying  opposite  Pompcy's  Pillar, 
We  did  not  Htrike  the  old  trail  again  until  within  3  or  4  miles  of  Baker's  battle-ground. 
The  district  thus  passed  over,  about  60  miles  by  the  wagon -road  and  40  in  a  straight 
line,  is  a  poorly  watered  aud  barren  waste.  In  all  this  distance  we  crossed  but  one 
running  creek,  Willow  Creek,  about  15  miles  above  Fort  Pease.  The  second  place  was 
from  the  supply  camp  to  countryman's  ranch,  again  finding  the  river  too  deep  for  the 
wagons. 

Passing  into  the  hills  to  the  north,  we  soon  reached  White  Beaver  Creek,  and  then 
passed  over  high  rolling  hills,  covered  witu  good  grass,  and  in  mauy  places  with  fine  X 

forests.  Sweet  Grass  Creek,  a  clear  mountain  stream,  is  also  crossed  just  below  Big 
Timber.  The  infantry  turned  to  the  north  to  reach  Camp  Baker  aud  Fort  Shaw,  via 
the  Forks  of  the  Musselshell.  The  cavalry  reached  Fort  Ellis  on  the  29th  day  of  Sep- 
tember.   The  infantry  reached  Camp  Baker  on  October  2d,  and  Fort  Shaw  on  the  6th 

The  following  are  the  distances  marched  each  day  on  way  from  Glendive  Creek, 
home,  viz : 

September  6th. — Started  at  10.30  a.  m.,  marched  13.96  miles,  and  camped  at  3.30  p.  m. 
on  a  ravine  putting  into  the  Yellowstoue  not  far  above  the  stockade.  Here  we  found 
water  in  holes. 

1th. — Start  at  6a,  m.,  march  6  miles  to  Rush  Creek;  to  Bad  Route  Creek,  18.26, 
(here  we  noon ;)  to  camp,  6.30  p.  m.,  on  a  dry  ravine,  25.12  miles.  Hard  rain,  lasting 
from  3  p.  m.  uutil  midnight. 

8th. — Start  at  7.15  a.  m.,  march  15.32  miles,  and  camp  on  York's  River  at  1.30  p.  m. 
Occasional  showers  during  the  day. 

9th. — Start  at  6  a.  in.,  march  about  15  miles  to  Custer  Creek,  and  26.97  miles  to 
camp  at  5  p.  ra.  at  the  mouth  of  Custer  Creek;  the  roads  are  very  heavy. 

10th. — Start  at  12.20  p.  m.,  march  9.92  miles,  and  camp  on  the  Yellowstone  at  4 
p.  m. 

llth. — Start  at  7.20  a.  m,,  march  21.8  miles,  and  camp  on  Sandy  Creek. 

12th. — Start  at  7.45  a.  mM  march  5.4  miles  and  camp  on  the  Yellowstone  just  above 
and  across  the  river  from  the  new  post. 

13M. — Start  at  7  a.  m.,  march  20.67  miles,  and  camp  on  the  Yellowstone  at  2.30  p.  in. 

14th. — Start  at  7  a.  m.,  march  21.68  miles,  and  camp  on  the  Yellowstone  at  3.15  p.  m., 
at  the  mouth  of  the  Little  Porcupine.    The  water  in  this  creek  is  now  clear  and  good. 

15/A. — Start  at  7  a.  m.,  march  16.76  miles,  and  camp  on  the  Yellowstoue,  above  the 
Great  Porcupine. 

16th. — Start  at  7  a.  m.,  march  18.57  miles,  and  camp  on  the  Yellowstone,  above 
"  Froze-to-Death  Creek." 

17 /A.— Start  at  7.05  a.  m.,  march  23.72  miles,  and  camp  on  the  Yellowstone,  7  miles 
above  Fort  Pease,  at  4  p.  m. 

Ittth. — Remained  in  camp. 

19/A. — Start  at  7  a.  m.,  march  25.18  miles,  and  camp  on  a  ravine,  where  water  stands 
in  holes,  at  5.30  p.  m. 

20/A.—-Start  at  6.30  a.  m.,  march  7.9  miles  to  the  Yellowstone,  opposite  Pompey's  Pil- 
lar, and  then  on  to  camp  on  the  river.  Total  distance,  30.62  miles.  The  wagons  did 
not  arrive  until  7.30  p.  ra. 

2\st. — Start  at  9  a.  m.t  and  camp  just  above  Baker's  battle-ground.  Distauce,  10.29 
miles. 

22d. — Start  at  6.45  a.  ra.,  march  22.75  miles,  and  camp  on  the  Yellowstone  at  3.30 
p.  m.,  a  little  ways  above  the  mouth  of  Clark's  Fork. 
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23(7. — Start  at  7  a.  m.,  march  30.52  miles,  and  camp  on  the  Yellowstone  at  2.15  p.  m., 
at  the  old  supply  camp. 

24th:—  Start  at  7  a.  m»,  march  20.66  miles,  and  camp  on  the  Yellowstone  at  4  p.  m. 

25<A. — Start  at  7.15  a.  hi.;  take  the  back  trail  for  2.17  miles.  From  camp  to  White 
Beaver  Creek  it  was  8.27  miles,  and  to  camp,  near  some  small  springs,  16.70  miles. 

26th. — Start  at  7.05  a.  m. ;  after  marching  8.87  miles  we  reach  Sweet  Grass  Creek, 
and  17.56  miles  brings  us  to  the  Big  Timber. 

The  infantry  turns  to  the  north  about  1  mile  below  the  last-named  creek.  The  cav- 
alry crosses  the  Big  Timber,  and  goes  into  camp  on  the  Yellowstone.  Total  distance, 
18.63  miles. 

27th. — Start  at  6.35  a.  m.,  march  14.09  miles,  when  we  reach  Gage's  Ford,  where  we 
noon.  Duck  Crtnk  is  1.20  miles  farther,  or  15.29  from  this  morning's  camp.  Warm 
Spring  Creek,  18.54,  and  camp  on  the  Yellowbtoue,  near  Countryman's  old  ranch,  25.64 
miles. 

28/ A.— From  camp  to  Shi  elds' s  River,  8  miles,  and  to  camp  on  Billman's  Creek,  26.6 
miles. 

29/A.— To  Fort  Ellis,  11.28  miles. 

Total,  from  the  camp  opposite  Glendive  Creek  to  Fort  Ellis,  448.76  miles. 

The  following  are  the  marches  made  by  the  infantry  on  their  way  from  the  Yellow- 
stone to  Fort  Shaw : 

September  26th. — From  camp  to  camp  on  White  Otter  Creek,  21.99  miles. 

21th. — From  camp  to  camp  on  Sweet  Gniss  Creek,  20  miles. 

28/A. — From  camp  to  camp  on  Big  Creek,  23.72  miles. 

29th. — From  camp  to  camp  on  Musselhhell  River,  2 If  miles. 

30th. — From  camp  to  camp  on  Six  Mile  Creek,  25  miles. 

October  1st, — From  camp  to  camp  at  Warm  Spring,  1\  miles. 

2d. — From  camp  to  camp  at  Camp  Baker,  16.9  miles. 

3d — From  camp  to  camp  on  Cottonwood  Creek,  19.5  miles. 

4th. — From  camp  to  camp  on  creek  between  Hough  Creek,  18£  miles. 

5//>. — From  camp  to  camp  on  the  Missouri  at  the  ford,  24  mile*. 

Gih. — From  camp  to  camp  at  Fort  Shaw,  20£  miles. 

Total,  218.97  miles. 

Total  from  Glendive  Creek  to  Fort  Shaw,  585.58  miles. 

Total  marched  by  the  united  com  maud  from  Fort  Ellis  to  camp  of  September  25, 
1,288.42  miles. 

Total  march  by  the  infantry  as  a  battalion  from  March  17  to  October  6,  1,687.39 
miles. 

Total  march  by  the  Second  Cavalry  as  a  battalion  from  April  1  to  September  29, 
1,393.21  miles. 

To  the  amount  marched  by  the  infantry,  208.14  miles  wants  to  be  added  for  the  com- 
pany commanded  by  Major  Froeman,  247.18  for  the  company  commanded  by  Lieuten- 
ant English,  and  186.24  miles  for  Captain  San  no  V. 

To  the  amount  marched  by  the  cavalry,  306.  miles  is  to  be  added  for  F  Company, 
Lieutenant  Roe  in  command;  352*50  for  G  Company,  Captain  Wheelan ;  404.50  for 
L,  Lieutenant  Hamilton  ;  and  388  for  H,  Captain  Ball. 

In  ct  nclusimi,  it  might  be  said  that  the  country  marched  over,  taken  as  a  whole,  is  a 
good  oue.  Along  the  Yellowstone  and  its  tributaries  are  many  large  and  fertile  val- 
leys, only  waiting  for  the  hand  of  man  to  make  them  bloom  with  golden  crops.  Back  of 
these  valleys  are  rolling  hills,  covered  with  the  most  luxuriant  and  nutritious  grasses, 
and  as  a  grazing  district  challenging  superiority. 

The  Yell  >wstone  River  "has  been  thoroughly  tested,  and  the  trial  has  resulted  in 
proving  it  navigable.  The  expenditure  of  a  little  money  iu  removing  the  Wolf  and 
buffalo  Rapids,  and  contining  the  water  in  oue  channel  in  several  other  places,  would 
do  aw»y  with  all  difficulty,  from  the  1st  of  June  until  the  1st  of  October,  to  a  point 
utar  the  mouth  of  the  Big  Horn.  The  facility  with  which  it  can  be  used  for  supply- 
ing its  lower  districts,  by  Mackinaw  boats  from  Benson's,  at  au  expense  immensely 
less  than  by  wagon-trains,  has  also  been  proved  this  last  summer. 

E.  J.  McClernand. 
Second  Lieutenant  Second  Caralryt 
Acting  Engineer  Officer,  District  Montana. 


REPORT  OF  LIEUTENANT  GEORGE  D.  WALLACE,  SEVENTH  CAVALRY. 

Saint  Paul,  Minn.,  January  27, 1877. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  march  and  the  country 
passed  over  by  the  Seventh  Regiment  of  Cavalry  from  the  22d  to  the  25th  of  Juue, 
1876: 

At  12  m.  on  the22d  of  June,  187G,  the  Seventh  Cavalry,  under  Lieutenant-Colonel  Cus- 
ter, left  camp  on  the  Yellowstone  and  moved  up  that  stream  for  2  miles  to  the  mouth  of 
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the  Rosebud,  then  tip  tbe  Rosebud.  We  crossed  the  latter  near  its  mouth.  It  was  a  clear 
run  mug  stream,  from  3  to  4  feet  wide,  and  abont  3  inches  deep ;  bottom  gravel,  but  in 
many  place*  water  standing  in  pools.  Wat-r  slightly  alkaline.  Owing  to  delays  *rith 
the  pack-train  the  command  moved  only  about  12  miles  that  day.  We  camped  on  the 
left  bank  of  tbe  Rosebud,  at  the  base  of  a  steep  bluff.  We  had  plenty  of  wood  and 
water,  and  grass  for  our  animals.  During  the  greater  part  of  the  march  the  trail  fol- 
lowed the  high  ground,  or  second  bottom,  where  tbe  soil  was  poor,  the  grass  thin,  and 
crowded  out  by  sage-brush t  and  cactus.  In  the  lower  part  of  the  valley  the  soil  ap- 
peared to  be  good,  the  grazing  fair,  the  bottom  timbered  with  large  cot  ton  wood. 
Small  willows  grew  thickly  along  the  banks  in  many  places.  For  the  tirst  8  miles  tbe 
hills  sloped  back  gradually,  but  near  camp  were  more  abrupt,  and  covered  with  stones 
and  cactus.  Several  deep  ravines  were  crossed  during  the  day.  The  ouly  serious  ob- 
stacle to  a  wagon-train  would  be  the  numerous  crossings  of  the  bends  of  the  Rosebud. 
Weather  clear,  but  not  unpleasantly  warm.  No  game  visible.  Plenty  of  fish  in  the 
creek. 

June  23,  1876. — Orders  were  given  last  night  that  trumpet-signals  wonld  be  discon- 
tinued, that  the  stable-guards  would  wake  tbeir  respective  companies  at  3  a.  m.,  and 
the  command  wonld  move  at  5  a.  m.  Geueral  Custer  stated  that  short  marches  would 
be  made  for  tbe  first  few  days,  after  that  they  would  be  increased.  All  were  ready  at 
the  appointed  time,  and  the  command  moving  out  we  crossed  to  the  right  bank  of  the 
Rosebud.  The  bluff  being  very  broken,  we  had  to  follow  the  valley  fir  some  distance, 
crossing  the  Rosebud  five  times  in  3  miles;  thence  up  the  right  side  for  about  10  miles. 
There  we  haired,  to  allow  the  puck-train  to  close  up.  Soou  after  starting,  crossed  to 
the  left  bank  and  followed  that  for  15  miles,  and  camped  on  right  bank  at  4.30  p.  in., 
making  a  distance  of  over  30  miles.  The  last  of  tbe  pack-train  did  not  get  into  camp 
until  near  sunset.  About  5  miles  from  our  Inst  camp  we  came  to  the  trail  made  by 
Major  Reno,  a  few  days  previous,  and  a  few  miles  farther  on  saw  the  first  traces  of  the 
Indian  camps.  They  were  all  old,  but  everything  indicated  a  large  body  of  Indians. 
Every  bend  of  the  stream  bore  traces  of  some  old  camp,  and  their  ponies  had  nipped 
almost  every  spear  of  grass.  The  ground  was  strewn  with  broken  bones  and  cuttings 
from  buffalo  hides.  The  country  passed  over  after  the  first  few  miles  was  rolling,  and 
a  few  deep  ravines  the  only  obstacle  to  hinder  the  passage  of  a  wagon-train.  Soil 
poor,  except  along  the  creek.  Grass  all  eaten  up.  Plenty  of  cotton  wood  along  the 
creek.  During  the  last  5  or  6  miles  of  the  march,  the  cotton  wood  timber  was  gradu- 
ally replaced  by  ash  aud  a  speoies  of  elder.  The  valley  was  about  one-fourth  of  a  mile 
wide,  and  for  the  last  15  miles  the  hills  were  very  steep  and  rocky,  sandstone  being 
present.  The  country  back  from  tbe  hills  looked  to  be  very  much  broken.  The  bills 
were  covered  with  a  short  growth  of  pines.  No  game  seen  during  the  day ;  weather 
warm  and  cl**ar. 

June  24,  1876. — The  command  moved  at  5  a.  m.  this  morning.  After  we  had  been  on 
the  march  abont  an  hour,  our  Crow  scouts  came  in  and  reported  fresh  signs  of  Indians, 
but  in  no  great  numbers.  After  a  short  consultation,  General  Custer,  with  au  escort  of 
two  companies,  moved  out  in  advance,  the  remainder  of  tbe  com  maud  following  at  a 
distance  of  about  half  a  mile.  We  followed  the  right  bank  of  the  Rosebud;  crossed 
two  ruuuing  tributaries,  the  first  we  had  seen.  At  1  p.  m.  tbe  command  wa«  halted, 
scouts  sent  ahead,  and  the  men  made  coffee.  The  scouts  got  back  abont  4,  and  re- 
ported a  fresh  camp  at  the  forks  of  the  Rosebud.  Everything  indicated  that  the  In- 
dians were  not  more  than  thirty  miles  away.  At  5  p.  m.  the  command  uwved  out; 
crossed  to  left  bank  of  Rosebud;  passed  through  se/eral  large  camps.  The  trail  now 
was  fresh,  and  the  whole  valley  scratched  up  by  the  trailing  lodge-poles.  At  7.45  p. 
in.  we  encamped  on  the  rizht  bank  of  Rosebud.  Scouts  were  sent  ahead  to  see  which 
branch  of  the  stream  the  Indiaus  had  followed.  Distauce  marched  to-day,  about  28 
miles.  Soil  in  the  valley  very  good,  and  in  many  places  grazing  very  fine.  Timber 
scattering,  principally  elder  and  ash.  Hills  rough  and  brokeu,  and  thickly  covered 
with  pines.  Weather  clear  and  very  warm.  About  9  p.  in.  tbe  scouts  returned  and 
reported  that  tbe  Indians  had  crossed  the  divide  to  the  Little  Big  Horn  River.  Geueral 
Custer  determined  to  cross  the  divide  that  night,  to  conceal  the  command,  the  next 
day  find  out  the  locality  of  the  village,  and  attack  the  following  morning  at  daylight. 
Orders  were  given  to  move  at  midnight,  but  we  did  not  get  off  until  near  1  a.  m.,  and, 
owing  to  delays  on  account  of  pack-train,  we  had  only  marched  about  8  mils  when 
daylight  appeared.  We  halted,  and  the  men  were  ordered  to  make  coffee.  While 
waiting  here  a  scout  came  back  from  Lieutenant  Varnum,  who  had  been  sent  out  tbe 
night  before.  In  a  note  to  General  Custer,  Lieutenant  Varnum  stated  tbat  he  could 
see  the  smoke  of  the  village  about  20  miles  away,  on  the  Little  Big  Horn.  The  scout 
pointed  out  the  butte  from  whioh  the  village  could  be  seen.  It  was  about  8  miles 
ahead. 

We  moved  on,  and  when  near  the  butte  Lieutenant  Varnum  joined  us  and  reported 
that  the  Indians  had  discovered  the  command  and  that  he  had  seen  couriers  go  in  the 
direction  of  the  village.  General  Custer  assembled  the  officers,  told  them  what  he  had 
heard,  and  said  he  would  move  auead  aud  attack  th3  village  witho  it  any  further  delay. 
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At  12  m.,  on  the  25th,  we  crossed  the  divide  between  the  Rosebud  and  Little  Big 
Horn.  From  the  divide  could  be  seen  the  valley  of  the  Little  Big  Horn,  and  about  15 
or  20  miles  to  the  northwest  could  be  seen  a  light  blue  cloud,  and  to  practiced  eyes 
showed  that  our  game  was  near.  A  small  stream  starting  from  the  point  near  where 
we  crossed  the  divide  flowed  in  the  direction  of  the  smoke.  After  the  assignment  of 
battalions  was  made,  General  Custer  followed  down  the  right  bank  of  this  stream,  and 
Major  Reno  the  left.  When  within  three  miles  of  Little  Big  Horn,  Major  Reno  was 
ordered  across  to  the  right  bank  and  the  two  columns  moved  together  for  some  dis- 
tance, when  Major  Reno  was  ordered  ahead.  He  recrossed.this  stream,  moved  down  it, 
crossed  the  Little  Big  Horn,  halted  his  column,  formed  line  and  moved  down  the  valley 
and  commenced  the  battle  of  June  25. 

In  passing  from  the  Rosebud  to  the  Little  Big  Horn,  we  followed  up  the  left  branch 
of  the  first,  then  up  a  dry  ravine  to  the  crest  of  the  divide ;  grass  short,  soil  poor,  bills 
low.  From  the  crest  to  the  Little  Big  Horn  the  country  was  broken  and  the  valley 
narrow;  some  timber  along  the  little  stream  we  followed  down.  Distance  traveled 
during  the  night  of  the  24th  and  on  the  25th  about  6  miles. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

Geo.  D.  Wallace, 
First  Lieutenant  and  Adjutant  Seventh  Cavalry, 

The  Chief  Engineer 

Department  of  Dakota, 


report  of  sergeant  james  r.  wilson,  battalion  of  engineers. 

Headquarters  Department  of  Dakota, 

Chief  Engineer's  Office, 

Saint  Paul,  Minn,,  January  3,  1877. 

Sir  :  I  have  the  honor  to  submit  the  following  report: 

In  obedience  to  orders  received  from  you  iu  tije  field,  I  remained  on  the  steamer  Far 
West  during  its  trip  up  the  Big  Horn  River,  for  the  purpose  of  making  a  boat  survey, 
and  collecting  information  in  regard  to  the  nature  of  that  stream  and  the  adjacent 
country. 

June  24. — Immediately  after  the  departure  of  General  Terry  and  staff,  at  6.30  p.  m.,  the 
bout  moved  up  a  short  distance  and  wooded,  after  which  it  crossed  over  and  tied  upon 
the  left  bank  of  the  Yellowstone  River. 

Two  Indian  cure  were  seen  this  evening  in  close  proximity,  bnt  were  rot  molested. 
The  escort  commanded  by  Capt.  S.  Baker  and  First  Lieut.  J.  Carland,  Sixth  Infantry,  was 
composed  as  follows :  Company  B,  Sixth  Infantry,  to  which  were  attached  some  soldiers 
left  in  charge  of  property  belonging  to  the  absent  portion  of  the  command.  A  few 
sick  men,  in  charge  of  Hospital  Steward  Dale,  occupied  the  rear  portion  of  the  cabin- 
deck.  These  with  first-class  private  Thomas  Culligan  and  myself  of  the  engineer 
detachment  made  up  the  total  commissioned  and  enlisted  on  board.  The  whole  fight- 
ing force,  including  the  armed  civilians  on  board,  did  not  exceed  60  men. 

June  25. — At  12  m.  the  boat  moved  up  the  Yellowstone,  and  at  12.35  p.  m.  reached 
the  mouth  of  the  Big  Horn.  The  country  on  the  right  bank  of  the  Yellowstone  at  this 
point  is  quite  level  for  a  considerable  distance,  and  thickly  timbered  with  cot  ton  wood. 
The  Big  Horn  is  about  150  yards  wide  at  its  month,  with  a  depth  of  from  3  to  8  feet. 
Tul lock's  Fork  enters  the  Big  Horn  on  its  right  bank,  about  4  miles  from  its  mouth. 
Reached  Josephine  Island  at  4.50  p.  m.  It  is  well  timbered,  and  about  three-fourths 
of  a  mile  long,  and  situated  about  12  miles  from  the  month  of  the  river.  The  river 
at  a  point  about  a  mile  above  Josephine  Island  spreads  out  to  a  width  of  500  or  600 
yards,  causing  a  shallow  channel.  The  current  is  swift,  and  the  bed  of  the  river 
studded  with  numerous  islands  and  sand-bars. 

After  a  travel  of  15  miles  the  first  creek  entering  the  B  g  Horn  on  its  left  bank  was 
reached.  About  one  mile  further  on  the  boat  tied  up,  at  8  30  p.  m.,  on  the  lefc*bank. 
The  current  of  the  Big  Horn  is  much  swifter  than  that  of  the  Yellowstone,  with  a 
depth  varying  from  3  to  8  feet ;  5|  feet  of  water  at  Josephine  Island.  Rapid  water  was 
encountered  on  two  occasions  during  the  day's  travel.  The  country  as  we  advance 
becomes  richer,  the  hills  on  the  right  bank  close  gradually  in,  and  the  left  bank  is  low, 
thickly  timbered,  and  well  grassed!.  Game  appeared  to  be  abundant  in  the  valley,  as  we 
saw  a  herd  of  8  elk  on  the  right  bank  in  the  afternoon.  Passed  many  old  Indian  en- 
campments. Heavy  rain  fell  during  the  night.  Pine  timber  was  obtained  at  the  point 
where  the  boat  was  tied  up.  Maximum  thermometer,  91° ;  minimum  thermometer, 
63°.  Bearings  were  taken  by  prismatic  compass;  th»  rate  of  the  boat  carefully  noted 
whenever  a  charge  was  observed,  and  at  intervals  not  greater  than  10  mi  nates.  When- 
ever rapids  were  encountered  the  distance  to  the  end  of  the  course  was  estimated. 
Readings  of  the  barometer  and  thermometer  were  taken  each  day.  Mean  solar  chro- 
nometer 1362,  Arnold  and  Dent  furnished  the  time.     The  means  used  to  ascertain 
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the  rate  of  the  boat  were  as  follows:  By  selecting  two  objects  near  the  river  immo- 
dintely  in  line,  and  keeping  them  in  Huh  by  walking  toward  the  stern  of  the  boat.  The 
rate  of  the  walk  determined  the  rate  of  the  boat. 

June  26. — Started  at  3.30  a.  m.  Two  honrs  later  reached  a  creek  entering  the  Big 
Horn  on  its  right  bank,  and  a  short  distance  fnrther  on  we  encountered  the  first  rap- 
id*. Here  a  long  delay  was  occasioned.  At  1  p.  m.  the  hills  on  the  right  bank*  closed 
in  op  to  the  water's  edge,  rising  to  a  height  of  150  feet,  and  in  some  places  to  200  feet. 
The  river  valley  on  the  If  ft  bank  still  low  and  thickly  timbered  with  cotton  wood,  the 
hills  on  the  right  sparsely  timbered  with  pine.  Passed  General  Terry's  camp,  of  June 
25,  at  9.30  a.  m. ;  fires  still  smoldering.  Tied  up  on  the  west  side  of  a  large  island 
near  the  right  bank  at  9  p.  m.,  after  an  estimated  travel  of  29  miles.  The  day  was  beau- 
tiful aud  clear,  and  the  country  passed  through  extremely  rich  and  fertile.  No  game, 
however,  was  seen  to-day.  The  Big  Horn  Mountains  were  iu  view  about  75  miles  to 
the  south  and  towering  to  the  clouds.  As  we  ascended  the  river  the  chann  1  became 
narrower  and  deeper  and  more  easily  navigated.  The  ridge  of  hills  on  the  right  bank 
extended  for  a  distance  of  6  miles.  They  are  all  washed  and  of  a  dark  color;  bare  and 
destitute  of  any  vegetation,  excepting  some  small  quantities  of  pine  in  the  canons  and 
ravines.  At  8  p.  m.  the  clouds  toward  the  west  looked  dark  and  threatening,  but  they 
soon  cleared  away.  Maximum  thermometer,  70° ;  minimum  thermometer,  60°.  Rapid 
water  was  encountered  many  times.  Old  Indian  encampments  were  met  with  at 
nearly  every  bend  of  the  river.  Concerning  the  fertility  of  this  region,  Mr.  Hall,  an 
experienced  western  farmer,  stated  that  he  would  rather  have  a  farm  on  the  Big  Horn 
River  than  any  other  place  he  knew  of.  Mr.  Hall  was  on  board  the  Far  West  during  the 
trip,  and  the  further  the  boat  asceuded  the  more  profuse  was  he  in  his  praises  of  the 
country. 

June  27. — Boat  started  at  3.30  a.  m.,  but  at  6  a.  ro.  very  little  had  been  accomplished, 
owing  to  the  shallowness  of  the  channel  and  swiftness  of  the  current.  Two  chutea 
were  tried  without  success.  An  ascent  of  the  third  was,  however,  accomplished  after 
considerable  trouble  and  delay.  A  little  further  on  the  site  of  Fort  C.  F.  Smith  became 
visible  about  35  miles  distant.  The  second  ridge  of  high  hills  on  the  right  bank  waa 
reached  at  9  a.  m.,  rising  to  a  greater  height,  but  bearing  the  same  appearance,  except 
that  this  ridge  is  more  broken,  and  two  of  its  peaks  rise  to  a  height  of  fully  300  feet 
above  the  water's  edge.  Mountain-sheep  15  in  number,  were  seen  on  this  ridge.  Ridge 
about  3  miles  long.  The  valley  on  the  left  bank  bears  the  same  rich,  park-like  appear- 
ance, the  scenery  spleudid,  and  the  river  studded  with  large,  beautiful,  heavily- timbered 
islands. 

A  short  distance  above  the  southern  extremity  of  the  second  ridge,  the  Li  tie  Big 
Horn  River  enters  the  Big  Horn  on  its  right  bank.  This  point  was  reached  at  10  a. 
in.  The  valley  of  the  Little  Big  Horn  is  well  timbered,  aud  about  1±  miles  wide  at 
this  point.  Near  the  mouth  of  the  stream  are  many  dangerous  quagmires.  A  delay  of 
two  hours  was  experienced  here  while  Captain  Baker  and  his  company  proceeded  to 
the  summit  of  the  ridge  of  bluffs  on  the  south  side  of  the  Little  Big  Horn  Valley  for 
the  purpose  of  reconnoitering.  Started  at  12.35  p.  m.,  and  continued  up  the  Big  Horn 
River;  travel  slow  and  very  difficult,  and  the  water  very  rapid. 

About  2.30  p.  m.  the  third  ridge  of  hills  on  the  right  bank  was  reached,  bearing  the 
same  appearance  as  the  others  and  of  the  same  height  as  the  second  ridge.  Allowing 
the  river  to  be  about  3,300  feet  above  sea-level,  then  the  respective  altitudes  of  the 
three  ridges  would  be  3,500,  3.600  and  3,60:)  feet.  This  is  a  rough  estimate,  but  I 
think  an  approximate  one.  Abovo  the  upper  ridge  the  river-channel  becomes  wider 
and  much  cut  up  with  small  islands.  At 5.30  p.  m.  Sitting  Bull's  Rapids  were  reached, 
and  one  hour  occupied  in  ascending  them.  Very  soon  afterward  a  series  of  rapids 
were  encountered,  extending  in  quick  succession  a  distance  of  fully  3  miles,  over  which 
it  was  found  impossible  to  force  a  passage.  The  boat  accordingly  dropped  to  the  foot 
of  these  rapids  and  tied  up  on  the  right  bank  at  8.30  p.*m.,  after  an  estimated  travel 
of  21  miles.  Total  estimated  distance  from  the  mouth  of  the  Big  Horn  River  about  66 
miles. 

From  Sitting  Bull's  Rapids  the  hills  on  the  right  bank  wheel  sharply  away  from  the 
river,  and  from  our  present  camping-place  a  good  view  on  both  sides  is  obtainable. 
Elk  abound  in  this  part  of  the  country,  their  favorite  resorts  being  the  grassy  and  well- 
shaded  islands  along  the  river.  During  the  day's  travel,  similar  features  to  those  of 
yesterday  presented  themselves.  Maximum  thermometer,. 76°  ;  mimimum  thermome- 
ter, 63°. 

June  28. — The  ascension  of  the  rapids  was  again  tried  this  morning  but  without  suc- 
cess, and  consequently  the  fnrther  navigation  of  the  river  was  abandoned.  The  passage 
back  to  the  mouth  of  the  Little  Big  Horn  was  made  in  a  very  short  time— t ho  current 
forcing  the  boat  right  around  so  that  the  stern  led  the  way  on  many  occasions,  aud  the 
downward  run  accomplished  in  a  whirling,  revolving  manner,  by  reason  of  which  the 
boat  must  have  sustained  considerable  damage.  Remained  at  the  mouth  of  the  Little 
Big  Horn  all  day. 

An  Indian  scout  named  "  Curley  "  (known  to  have  been  with  General  Custer)  arrived 
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about  noon  witb  information  of  a  battle,  bnt  there  being  no  interpreter  on  board  very 
little  reliable  information  was  obtained.  He  wore  an  exceedingly  dejected  countenance, 
bat  his  appetite  proved  to  be  in  first-rate  order.  Elk  and  deer  killed  here.  Good 
fishing. 

June  29. — Three  scouts  arrived  during  the  day  with  the  news  of  the  disastrous  battle 
of  the  Little  Big  Horn.    The  Far  West  was  immediately  barricaded,  and  preparations 
made  to  receive  the  wonnded  on  board.    At  10  p.  m.  the  van  of  General  Terry's  com- 
mand arrived.    The  main  column  with  the  wonnded  did  not  arrive  until  1  a.  in.,  June  30 
1  am,  sir,  very  respectfully,  your  obedient  servant, 

James  E.  Wilson, 
.  Sergeant  of  Engineer*. 
Lieut.  E.  Maguire, 

Corps  of  Engineers,  U.  S.  A,,  Chief  Engineer  Department  of  Dakota. 
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ANNUAL  REPORT  OF  CAPTAIN  W.  S.  STANTON,  CORPS  OP 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1877. 

explorations  and  surveys  in  the  department  op  the  platte. 

Headquarters  Department  of  the  Platte, 

Engineer  Office, 
Omaha,  Nebr.,  June  30,  1877. 

General  :  I  have  the  honor  to  submit  the  following  annual  report,  as 
engineer  officer  of  this  military  department,  for  the  fiscal  year  ending 
Jane  30, 1877 : 

At  the  beginning  of  the  year  I  had  returned  to  Fort  Fetterman  from 
a  reconnaissance  to  the  Tongue  and  Rosebud  Rivers  with  the  column  of 
General  Crook,  operating  against  the  Sioux  Indians,  and  at  once  com- 
menced a  reconnaissance  of  the  routes  in  the  department  for  the  purpose 
of  carefully  locating  them  and  the  military  posts  on  a  revised  map;  of 
securing  correct  distances  for  use  in  payments  for  transportation  and 
mileage;  and,  for  publication  in  a  form  convenient  for  use,  such  infor- 
mation regarding  the  character  of  routes  and  quality  of  roads  as  is 
needed  in  conducting  the  movements  of  troops  and  transportation  of 
supplies. 

1  had  with  me  a  party  consisting  of  one  civilian  draughtsman,  who 
performed  the  duties  of  topographer  aud  time-keeper,  and  three  enlisted 
men. 

During  the  months  of  July  and  August  the  following  routes,  aggre- 
gating between  500  and  600  miles,  and  the  following  reservations  were 
surveyed,  viz : 

routes. 

From  Fort  Fetterman  to  Fort  Laramie,  via  southwest  bank  of  North 
Platte  River. 

From  Fort  Fetterman  to  Fort  Laramie,  via  northeast  bank  of  North 
Platte  River. 

To  Fort  Fetterman  new  wood  reservation. 

Cutoff  route  between  routes  from  Fort  Laramie  to  Cheyenne  and  to 
Fort  Fetterman. 

From  Fort  Laramie  to  Camp  Robinson. 

From  Camp  Robinson  to  Camp  Sheridan. 

From  Camp  Robinson  to  Sidney  Barracks. 

RESERVATIONS. 

A  new  wood  reservation  for  Fort  Fetterman,  on  La  Bont6  Creek,  in 
the  northeast  part  of  the  Black  Hills  of  Wyoming.    This  reservation 
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contains  two  square  miles  of  very  hilly  land,  much  broken  by  deep 
ravines,  and,  excepting  occasional  openings,  is  thickly  timbered  with 
pine,  the  largest  trees  occasionally  having  a  diameter  of  15  or  20  inches. 

The  military  reservation  of  Camp  Robinson,  containing  7£  square 
miles,  lying  betweeu  White  River  and  the  crest  of  Soldiers7  Grove  Bluffs, 
and  embracing  the  valley  of  a  small  brook  called  Soldiers' Creek. 

The  military  reservation  of  Camp  Sheridan,  containing  2J  square 
miles,  lying  on  both  sides  of  Beaver  Creek. 

lu  July  the  longitude  of  Fort  Fettermau  was  determined  by  tele- 
graphic time-signals  exchanged  with  the  Lake  Survey  observatory  at 
Detroit,  the  local  time  and  latitude  of  the  post  being  determined  with 
a  sextaut,  as  the  office  is  not  supplied  with  an  astronomical  transit. 

Meteorological  observations  with  the  cistern  barometer  and  psychro- 
meter,  at  hours  corresponding  to  those  of  the  signal-service  observa- 
tions at  Cheyenne,  and  with  the  maximum  and  minimum  thermometer, 
were  taken  by  privates  William  W.  Matthias  and  Samuel  Ashton, 
Twenty-third  Infantry,  respectively  at  Fort  Fetterman  and  Fort  Lara- 
mie, from  June  until  September  and  October.  These  men  performed 
this  duty  apparently  with  much  care,  keeping  very  neat  and  apparently 
accurate  records.  Their  observations  and  those  taken  on  the  march 
will  be  reduced,  and  the  results  reported  in  connection  with  those  to  be 
taken  in  the  same  localities  this  season. 

Ou  the  march  numerous  observations  were  taken  with  an  aneroid 
barometer. 

Unfavorable  weather  for  astronomical  observations  at  Fort  Fetter- 
mau, the  precautions  necessary  against  Indians  during  a  season  of 
active  hostilities  in  a  region  always  much  iufested  by  them,  and  owing 
to  the  exigencies  of  the  campaign  against  the  Sioux,  the  extreme  re- 
duction iu  men  and  transportation  at  the  posts  from  which  both  had  to 
be  supplied  for  the  reconnaissance,  contributed  to  retard  and  embarrass 
the  foregoing  work. 

Finally  the  discharge,  in  the  midst  of  work  in  the  field,  of  my  topog- 
rapher and  timekeeper,  in  consequence  of  the  refusal  by  Congress  of 
an  appropriation  from  which  he  could  be  paid,  left  me  with  only  two 
enlisted  men  as  assistants,  who  were  charged  with  the  barometrical  and 
odometer  readings,  and  without  a  single  person  of  any  previous  expe- 
rience on  a  survey  or  reconnaissance,  or  in  the  use  of  the  simplest  in- 
strument. 

On  reaching  Sidney,  on  the  1st  of  September,  field-work  was  neces- 
sarily abandoned  for  the  rest  of  the  season. 

In  November  a  tract  of  land,  set  apart  by  the  Secretary  of  War  from 
the  military  reservation  of  Camp  Douglas  for  a  public  cemetery  for  Salt 
Lake  City,  pursuant  to  an  act  of  Congress,  was  surveyed  and  its  boun- 
dary and  subdivision  lines  established. 

During  the  winter  the  field-notes  and  astronomical  observations  taken 
on  the  900  miles  of  reconnaissance  made  by  me  between  May  and  Sep- 
tember, 1876,  have  been  reduced  and  computed.  The  collection  of  in- 
formation from  various  sources  for  a  revision  of  the  maps  of  the  depart- 
ment has  advanced  as  rapidly  as  the  means  available  would  permit. 

A  considerable  mass  of  information  has  been  collected  from  the  office  of 
the  chief-engineer  of  the  Military  Division  of  the  Missouri,  the  Adjutant- 
General  of  the  Army,  and  the  General  Land-Office,  for  the  purpose  of 
forming  iu  this  office  a  complete  record  of  the  various  tracts  of  public 
land  within  the  department  which,  for  military  purposes,  have  from  time 
to  time  been  reserved,  extended,  reduced,  or  relinquished,  and  regard- 
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ing  which  no  completejrecqrd  iu  a  form  suitable  for  convenient  reference 
has  hitherto  existed  at  these  headquarters. 

The  boundaries  and  names  of  all  the  military  departments  and  Indian 
reservations  in  the  United  States  west  of  the  Mississippi  River  have 
been  indicated  in  water-colors  on  15  mounted  copies  of  the  "  Map  of  the 
Terrritory  of  the  United  States  from  the  Mississippi  River  to  the  Pacific 
Ocean,"  for  the  use  of  the  various  staff-officers  in  the  department. 

Sixty  plots  and  tracings  of  topographical  drawings  have  been  made. 

During  the  year  1,660  maps  and  191  printed  reports,  many  of  the 
latter  containing  maps,  have  been  issued  iu  detail,  as  shown  by  the  fol- 
lowing statement : 

MAPS. 

No. 

Rayoolds  aud  Maynadier's  revised  map,  eastern  sheet 513 

Kay n old s  aud  Maynadier's  revised  map,  western  sheet -  - 472 

Sheet  No.  3,  Western  Territories,  Gillespie - 389 

Wyoming Ill 

Wyoming,  mounted 16 

Nebraska 19 

Nebraska,  mounted 16 

Lieutenant  Wheeler's  atlas-map 63 

Dakota 13 

Montana,  eastern  sheet 13 

General  Wan-en's  map 13 

Kansas,  Texas,  and  Indian  Territory *. . .  1 

Territory  of  the  United  States,  Mississippi  River  to  Pacific  Ocean 17 

Map  of  the  United  States  showing  limits  of  departments  and  positions  of  posts.  4 

Total 1,660 

REPORTS. 

No. 

Annual  report  of  engineer  officer  Department  of  the  Platte,  1876 101 

Annual  report  of  engineer  officer  Departmen  t  of  Dakota,  lb76  15 

Captain  Raynold's  Exploration  of  Yellowstone  and  Missouri  Rivers 5 

Lieutenant  Warren's  Explorations  in  Nebraska  and  Dakota 2 

Captain  Jones's  Yellowstone  Park 3 

Captain  Ludlow's  Yel  owstone  Park . 56 

Lieuteoant  G.  M.  Wheeler's  report  of  1876 9 

Total 191 

The  increase  in  the  number  of  troops  in  the  department,  the  active 
military  operations  of  the  year,  and  the  public  interest  in  the  regions  of 
the  Black  Hills  and  Big  Horn  Mountains,  have  very  much  increased 
the  demand  for  maps  aud  explains  the  uuusually  large  issue. 

During  the  year  the  work  of  a  draughtsman  in  the  office  has  been 
done  by  Private  Charles  Holtes,  Fourth  Infantry,  for  $28  per  month,  in 
full  of  all  pay  aud  allowances,  until  his  discharge  in  May,  in  the  reduc- 
tion of  the  Army,  because  of  the  failure  of  the  Army  appropriation  bill 
at  the  last  session  of  Congress.  Although  without  previous  experience 
or  instruction,  faithful  attention  aud  industry  merited  for  him,  while 
subjected  to  the  increased  expense  of  liviug  here,  at  least  a  fair  com- 
pensation or  adequate  means  of  support. 

I  respectfully  aud  earnestly  renew  the  recommendation  made  in  my 
previous  annual  reports,  that  a  detachment  of  selected  enlisted  men  be 
provided  for  service  on  surveys  and. reconnaissances  in  this  department. 

The  want  of  such  a  detachment  is  constantly  felt ;  is  a  serious  embar- 
rassment iu  making  important  reconnaissances  and  special  surveys,  and 
leaves  me  powerless  to  secure  compass  and  odometer  surveys  or  horse- 
back reconnaissances  of  the  routes  taken  by  columns  and  detachments 
of  troops  in  their  movements  through  the  department,  made  with  suffi- 
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cient  care  and  noted  with  sufficient  clearness  to  be  of  any  value  for 
mapping  purposes.  Opportunities  of  securing  such  surveys  of  lines 
running  across  areas  either  incorrectly  mapped  or  not  mapped  at  all, 
are  tbus  frequently  lost. 

The  requisite  instruments  have  been  supplied  from  this  office  to  all 
the  posts  in  the  department  for  this  purpose. 

Although  the  ruuning  of  such  a  simple  reconnaissance-line  with  the 
march  of  a  detachment  or  column  through  an  incompletely  mapped  re- 
gion is  a  normal  military  duty,  when  not  precluded  by  the  object  or  cir- 
cumstances of  the  march,  it  is  uot  geuerally  so  regarded  by  the  officers 
in  the  department.  Unless  the  authority  of  the  department  commander 
should  be  vigilantly  exercised  in  rigorously  exacting  this  duty  of  officers 
the  detachment  of  specially-instructed  men  would  need  to  be  sufficiently 
large  for  distribution  among  a  few  central  points  in  the  department 
from  which  one  or  two  of  its  members  could  quickly  join  a  column  when 
beginning  its  march,  otherwise  this  important  aud  desirable  work  will 
have  to  continue,  as  hitherto,  utterly  neglected.  That  such  a  method, 
so  inexpensive,  of  coveriug  the  department  with  a  net-work  of  such 
lines,  roughly  surveyed  it  is  true,  but  nevertheless  of  much  value  in 
perfecting  a  map  of  a  large  area  of  country  for  practical  military  pur- 
poses or  popular  use,  should  be  disregarded  and  neglected,  is  to  be  re- 
gretted extremely  in  a  nation  skeptical  as  to  the  utility  of,  and  ^dis- 
criminatingly rigorous  in  the  application  of  economy  to,  its  military  es- 
tablishment. It  is  impossible  for  the  engineer  officer  to  accompany 
these  detachmeuts,  as  he  should  be  occupied  duriug  the  held  season  with 
astronomical  work,  aud  with  more  exact  astronomical  and  barometrical 
reconnaissances  or  special  surveys. 

Such  a  detachment  of  men  would  be  constantly  occupied  in  the  field 
from  May  until  October,  being  employed  ou  short  reconnaissances  in 
the  neighborhood  of  their  stations  in  the  intervals  between  the  marches 
of  detachments.  In  the  winter  they  could  be  kept  constantly  occupied 
with  office -work,  aud  for  the  next  year  in  copyiug  township  plots  and 
notes  at  the  three  surveyor-generals'  offices  iu  the  department.  For  the 
intelligence,  skill,  and  industry  required  of  them,  and  expense  incurred 
in  living  during  the  winter  in  towns,  their  compensation  should  be  con- 
siderably iu  excess  of  the  pay  aud  allowances  of  a  private  soldier. 

To  the  formation  aud  employment  of  such  a  detachment  from  among 
the  troops  of  the  department  four  effectual  obstacles  exist,  viz:  the  pre- 
vailing intemperance  among  the  class  of  enlisted  men  most  intelligent 
aud  specially  qualified  for  this  work,  aud  who  are  found  in  the  service 
solely  in  consequence  of  their  habits;  the  natural  disinclination  of  com- 
pany commanders  to  recommend  aud  spare  their  best  men  for  this 
duty ;  and  the  very  inadequate  compensation  of  meu  so  detailed,  sub- 
jecting them  to  pecuniary  disadvantages  while  reuderiug  the  Govern- 
ment more  valuable  service. 

If  the  exigencies  of  the  eugineer  service  are  to  continue  to  prevent 
the  assignment  of  a  detachment  of  engineer  troops  to  this  department 
for  several  years  past  supplied  to  the  neighboring  departments  of  Da- 
kota and  of  the  Missouri,  it  is  very  desirable  that  a  detachment  of  gen- 
eral-service men  may  be  authorized  for  this  work  with  sufficient  aud 
reasonable  pay  and  allowances. 

It  is  strenuously  recommended  and  earnestly  hoped  that  fitting  and 
adequate  appropriations  may  be  secured  from  Congress  for  the  two  next 
fiscal  years  for  the  work  urgently  needed  in  this  department,  and  de- 
scribed in  my  last  annual  report.  I  respectfully  invite  attention  to,  and 
reuew  my  recommendation  therein  for,  the  application  as  there  given 


APPENDIX   QQ.  1385 

in  detail  of  the  sum  of  $10,000  during  the  fiscal  year  immediately  en- 
suing-. 

For  use  within  the  department  a  special  map  of  Utah  and  Southeast- 
ern Idaho,  forming  its  western  portiou,  is  much  needed.  There  is  up 
map  of  that  region  suitable  for  military  or  common  local  use,  nor  has 
one  ever  been  compiled.  Its  compilation,  which  is  much  needed,  has 
now  been  delayed  three  successive  years  for  want  of  means  to  secure 
necessary  and  important  data  through  the  failure  in  Congress  of  the 
appropriation  for  surveys  and  reconnaissances  in  military  divisions  and 
departments. 

It  is  designed  to  apply  the  $10,000  thus  requested  for  the  fiscal  year 
endiug  June  30, 1878,  as  follows,  viz  :  To  securing  the  above  data  from 
all  available  sources,  embracing,  besides  the  results  of  mining  and  other 
special  surveys,  the  township  and  railroad  surveys  from  the  offices  of 
the  surveyors-general  and  railroad  companies  iu  the  two  Territories ;  to 
the  office- work  of  compiling  and  drawing  the  map;  to  the  purchase  of 
the  astronomical  transit  and  zenith-telescope  specified  in  my  last  annual 
report,  and  of  magnetic  instruments  for  use  on  important  special  recon- 
naissances and  surveys;  and,  in  addition,  as  far  as  it  will  go,  to  securing 
like  information  from  various  sources  and  the  offices  of  the  surveyors- 
general  and  railroad  companies  in  Nebraska  and  Wyoming,  for  a  much 
needed  revision  of  their  maps. 

A  small  sum  is  also  needed  for  providing  sun-dials  at  posts  off  of  the 
railroad,  for  repair  of  instruments  and  purchase  of  drawing-materials 
for  the  office  and  for  issue  in  limited  quantities  to  posts.  The  supply  of 
the  latter  has  been  for  some  time  entirely  exhausted,  causing,  with  the 
utter  want  of  means  for  repairing  instruments,  much  embarrassment. 

For  the  fiscal  year  ending  June  30,  1879,  an  allotment  of  $10,000  is 
also  respectfully  recommended  for  application  to  the  completion  of  the 
revisiou  of  the  maps  of  the  department,  and  to  the  execution  of  an  im- 
portant special  reconnaissance. 

I  would  respectfully  invite  attention  to  the  fact  that  the  allotment  of 
$10,000  thus  recommended,  for  eaclj  of  the  two  next  fiscal  years,  is 
desired  maiuly  for  the  purpose  of  executing  the  special  work  of  a  thor- 
ough revisiou  of  the  department  maps,  and  of  work  which  has  been  left 
undone  for  want  of  funds  during  three  years  past;  and  that  after  the 
completion  of  this  work  the  subsequent  annual  allotments  required  for 
current  yearly  work  would  be  very  much  smaller,  or  less  than  half  as 
large. 

About  the  1st  proximo  the  field-work,  discontinued  in  September  last, 
will  be  resumed  with  the  small  allotment  recently  made  from  the  appro- 
priation for  surveys  for  military  defenses.  First,  a  reconnaissance  will 
be  completed  of  the  routes  in  the  region  bounded  on  the  south  by  the 
Union  Pacific  Railroad  between  Sidney  and  Medicine  Bow  Stations, 
extending  northwest  to  iuclude  Fort  Fetterman,  northeast  to  Camp 
Sheridan,  and  north  to  the  Black  Hills,  embracing  routes  to  them  direct 
from  Forts  Fetterman  and  Laramie  and  Camp  Robinson,  and  extendiug 
north  to  Deadwood.  On  completing  the  routes  in  that  region,  and  to 
Fort  Hartsuff,  and  the  survey  of  the  military  reservation  of  Fort  Lara- 
mie, embracing  54  square  miles,  and  of  Can  ton  nieut  Reno,  embracing' 
100  square  miles,  work  will  be  continued  on  routes  farther  west  iu  the 
department  should  the  season  permit. 

A  map  of  these  reconnaissances  and  of  those  made  iu  this  region  in 
1875  and  1876,  embracing  the  reconnaissance  with  the  Big  Horn  and 
Yellowstone  expedition  to  Rosebud  Creek,  will  be  prepared  and  sub- 
mitted during  the  winter. 
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My  thankt*  are  due  to  Mr.  Frank  Lehmer,  of  the  Western  Union  tele- 
graph-office in  this  city,  for  very  obligingly  and  promptly  arranging  a 
lone  line  of  telegraph  for  the  exchange  of  time-signals  between  Fort 
Eetterman  and  Detroit, 

In  the  reduction  and  computation  of  field-notes  and  astronomical 
observations  during  the  winter,  I  have  received  efficient  and  laborious 
assistance  from  Private  Henry  Kehl,  of  the  general-service  detachment, 
Uuited  States  Army,  at  these  headquarters. 

STATEMENT  OF  FUNDS. 

Expended. 

From  appropriation  for  contingencies  of  the  Army,  1877 $125  00 

From  appropriation  for  surveys  for  military  defenses,  1876 170  00 

Total  expended  daring  the  fiscal  year  ending  Jane  30, 1877 295  00 

Amount  available  July  1,  1877,  of  appropriation  for  surveys  for  military 

defenses I 630  00 

Amount  desired  for  fiscal  year  ending  Jane  30,1879 10,000  00 

Very  respectfully,  your  obedient  servant, 

W.  S.  Stanton, 
Captain  of  Engineers,  U.  8.  A.y 
Chief  Engineer  Department  of  the  Platte. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


ABSTRACT  OF  ASTRONOMICAL  OBSERVATIONS   FOR  TIME  AND  LATITUDE  WITH   BIG   HORN 

AND  YELLOWSTONE  EXPEDITION. 

For  time  by  equal  altitudes  of  sun'e  hirer  limb. 

Station,  Camp  No.  10,  at  month  of  Prairie  Dog  Creek,  on  right  bank  of  Tongue  Biver,  Montana.— Date, 

June  8, 1876. — Observer  and  computer,  W.  S.  Stantou. 

Assumed  latitude  =  44°  W  35".  > 


Observed  double 
altitudes. 

Chronometer  times  of  equal 
altitudes. 

V-  f=the 

elapsed  time 

=  T. 

Equation    o  f 
equal     alti- 
tudes =*. 
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Chronometer  fant  of 
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A.  M.  =  t. 
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pair  of  equal  alti- 
tudes. 
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03.  52 
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04.  57 
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44    03. 93 

ltamltiug  longitude  west  from  Greenwich  =  lOtP  52'  30". 09. 
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Time  by  observation  of  sun's  lower  limb. — Method  of  single  altitude. 

Station,  rendezvous  camp  at  Forks  of  Goose  Creek,  Wyoming.— Date,  June  13,  1876.— Observer  and 

oompnter,  W.  S.  Stanton. 
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altitudes. 
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Double  altitude  corrected 
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Retraction,  (barometer  26  384 ;  detached  thermometer  91.55; 
attached  thermometer  94.65) 


True  altitude  of  lower  limb 
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North  polar  distance  =  A 


L  +  A  +  A  =2m 

m 

m  —  A 


= 

88  46  55 

■— -    ^^ 

44  83  27.  5 

48.27 

=  + 

44  22  39.  33 
15  46.88 

=  + 

44  38  36.11 
6.  SO 

— 

44  38  32.  31 

i 

44  49  34.  46 
41  38  33.  31 
66  43  12.  92 

156  11  09.69 
78  05  34  84 
33  27  03.  53 


log  sin9  i  p  =  log 
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Equation  of  time. 


True  mean  time  of  observation. 
Chronometer  time  of  observation 
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Chronometer  fast 
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Time  by  observation  of  a  Lyras. — Method  of  single  altitude. 

Station,  rendezvous  camp  at  Forks  of  Goose  Creek,  Wyoming.— Date,  June  13/1876.— Observer  and 

computer,  "W.  S.  Stanton. 


Observed 

doable 

altitude. 

Chronometer 
times. 
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Double  altitude  corrected. 


Altitude 

Refraction,  (barometer  26.335;  detached    thermometer 
60.0;  attached  thermometer  59.8) 


True  altitude  of  star  =  A . 


Assumed  latitude 


=  L. 
A. 

North  polar  distance  =  A  • 


L  +  A  +  A  =  2m. 

m 
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log  sin*  Jp  =s  log 
log  sin  \p 


cos  m  sin  (m  —  A) 
cos  L  sin  A 


19. 1550366 
9.  5775183 


// 


hP 
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A.  R.  of  star. 


Sidereal  time  of  observation 

Sidereal  time  at  mean  noon  at  station.. 


Sidereal  interval  past  mean  noon 
Retardation 


Mean  solar  time  of  observation  ... 
Chronometer  time  of  observation 


Chronometer  fast 


Chronometer  fast  by  sun,  (west) 

Chronometer  fast  by  a  Lyra,  (east) 
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Determination  of  latitude  from  observed  double  altitudes  of  Polaris. 

Station,  rendezvous  camp  at  Forks  of  Goose  Creek,  Wyoming.— Date,  Jane  13,  1876.— Observer  and 

computer,  W.  S.  Stanton. 

h.  fit.     t. 

Apparent  A.  R.  of  Polaris =~        1  13  044.00 

Sidereal  time  at  mean  noon  at  station =        5  25    46.96 

Sidereal  interval  from  mean  noon  of  star's  culmination =      19  46    57.04 

Retardation  of  mean  on  sidereal  time   =  —  03    14.45 

Mean  time  of  culmination  of  star : —      19  43    42.59 

Chronometer  fast  of  mean  time  by  observations  on  the  sun  and  a  Lyras  this  day =  44    24.  41 

Chronometer  time  of  culmination  of  Polaris =       8  28    07.00 

Index  error  of  sextant,  (eccentricity  not  determined) =>  —  3'    O^'.O 

Refraction  for  mean  of  observed  altitudes,  (44°*26/  43".  12,)  (barometer  26.335,  attached 

thermometer  59.8,  detached  thermometer  60.0) =  5l".16 

North  polar  distance  of  star  =  a  =  \°  21'  14"  =  8474". 

Assumed  latitude  =  44°  53'  50". 3.    Computation  corrected  with  deduced  latitude. 
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For  time  by  equal  altitudes  of  sun's  lower  limb. 

Station,  Fort  Fetterman,  Wyo.— Date,  July  22,  1876.— Observer  and  computer,  W.  S.  Stanton. 

Assumed  latitude,  42°  50*  43".  0. 
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Telegraphic  time-signals  exchanged  between  United  States  Lake-Survey  Observatory  at  Detroit 

and  Fort  Fetterman,  for  longitude  with  local  time  by  sextant. 

July  22,  1876. 


Detroit  true  mean 
time  when  sent 
from  Detroit. 

Time  by  mean  so- 
lar chronometer 
No.926,T.Cotte- 
reli  &  Co.,  when 
received  at  Fort 
Fetterman. 

■ 

Differences. 

h.  m.     t. 

9    35    56.11 
36    06.00 
15.  98 
26.07 
35.92 
46.  03 

w 

h.  .tn.     s. 

8    44    23  2 
33.2 
43.3 
53.2 
45    03.3 
13.3 

TO.      «. 

51  3-2.91 
3-2. 80 
3-2. 68 
32.87 
3-2. 62 
32.73 

Mean *, 

51    32. 77 

10    02    06.05 
16.10 
26.03 
36. 09 
46.10 

9    10    33.3 

43.2 

53.2 

11     03. 3 

13.3 

51  32.  H5 
3-2.90 
3-2.  82 
3-2.  79 
32.  H) 

Mean 

51     32.83 

Time  by  mean  so- 
lar obronnmetcr, 
T.Cotterell&Co., 
No.  926.  when  sent 
from  Fort  Fet- 
terman. 


h. 

8 


m. 
53 


54 

Maan 


9. 

00.0 
10.0 
20.0 
30.0 
40.0 
50.0 
00.0 


Detroit  trne  mean 
time  when  re- 
ceived at  Detroit 


Differences. 


h. 
9 


m. 
44 


45 


«. 
32.98 
42.98 
53.01 
02.98 
13  09 
23.05 
33.04 


51 


«. 
3*.  98 
3-2. 98 
33.01 
32.98 
33.09 
33. 05 
33. 04 


51     33. 03 


A.     TO,         g. 

Meanof  first  set  51  33.77 

Mean  of  second  set 33.83 

Mean  of  third  set 33.02 

Chronometer  slow  of  Detroit  mean  solar  time 51  32.87 

Chronometer  fast  of  Fort  Fetterman  mean  solar  time 38  13.60 

Fort  Fetterman  west  of  Detroit — ! 1    29  45.47 

Detroit  west  of  Greenwich 5    32  12.24 

Longitude  of  Fort  Fetterman  west  from  Greenwich 7    01  57.71 


// 


105    29    35.65 

A  storm  prevailing,  two  sets  of  signals  from  Detroit  were  not  received  at  Fort  Fetterman,  and  confi- 
dence was  impaired  in  the  above  result.    Signals  were  therefore  exchanged  again  July  28. 
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For  time  by  equal  altitudes  of  sun's  lower  limb. 
Station,  Fort  Fetterman,  Wyo.— Date,  July  28.  1876.— Observer  and  computer,  W.  S.  Stanton. 


Observed  double 
altitudes. 


93  00 
10 
20 
30 
40 
50 

94  00 
10 
20 
40 
50 


Chronometer  fast 


Chronometer-times  of  equal 
altitudes. 


A..  M. 

=  t 
t. 

P.M. 

=  f. 

Jl   fit. 

h. 

m. 

t. 

9    53 

03.2 
32.4 

3 

35 

34  0 
04.9 

54 

01.5 
31.0 

34 

36.4 
07.0 

55 

00  5 
29.0 

33 

37.0 
08.0 

58.0 

32 

39.2 

50 

28.0 

10.0 

57.4 

31 

40.7 

57 

*j%).  n 

30 

42.2 

58 

24.0 

14  0 

v—t. 

=  the 

elapae<l 

1    time 

-~— 

T. 

h. 

m. 

5 

42 

5 

42 

5 

40 

5 

40 

5 

38 

5 

38 

5 

36 

5 

36 

5 

36 

5 

33 

5 

31 

Equation  o  f 
equal  alti- 
tudtt»  =  z. 


#. 

-f-6.71 
4  6.71 
-f6.  69 
-ffi.69 
+  6.68 
+6.68 
+6.66 
+  6.66 
+  6.66 
+  6.64 
+6.62 


Chronometer  fast  o^ 
mean  time  at  ap- 
parent noon  by 
each  pair  of  equal 
altitudes. 


m. 
38 


t. 

12.69 
12.74 
13.02 
13.07 
12.81 
12.56 
12.64 
13.04 
13.09 
13.02 
13.00 


38    12.88 


For  time  by  equal  altitude  of  sun's  lowtr  limb. 
Station,  Fort  Fetterraan,  Wyo.— Date,  July  29, 1876.— Observer  and  computer.  W.  S.  Stanton. 


Chronometer-times  of  equal 

Chronometer    fast 

Observed  double 
altitudes. 

altitudes. 

V  -  *  «=  the 
elapsed  time 

Equation     of 
equal     alti- 

of mesn  time  at 
apparent  noon  by 

=  T. 

tudes  =  z. 

en  ch  pair  of  equal 

A.M.  =«. 

P.  M. 
h.    m. 

=  ('. 
i. 

altitudes. 

O           ' 

h.    m.      t. 

h.    tn. 

t. 

m.      i. 

99    40 

10    13    46.0 

3    li 

46.0 

5    00 

+  6.55 

38    11.87 

50 

14     16.0 

15.3 

5    fO 

+6.55 

11.52 

100    00 

46.2 

13 

45.0 

5    00 

+  6.55 

11.47 

10 

15    17.0 

15.0 

4    57 

+  6.52 

11.84 

20 

47.4 

12 

45.4 

4    57 

+6.52 

12.24 

30 

16    18.0 

14.0 

4    57 

+6.52 

11.84 

40 

48.2 

11 

44.5 

4    54 

+  6.50 

12.17 

50 

17    18.3 

14.3 

4    54 

+  6.50 

12.12 

101    00 

17    49.9 

10 

43.4 

4    54 

+  6.50 

12.42 

10 

18    19.0 

14.0 

4    51 

+  6.48 

12.30 

20 

49.7 

9 

41.3 

4    51 

+6.48 

11.30 

30 

19    21.0 

11.0 

4    51 

+  6.48 

11.  CO 

40 

51.3 

8 

41.0 

4    48 

+6.46 

11.93 

50 

20    23.0 

09.4 

4    48 

+6.46 

11.98 

102    00 

53.2 

7 

39.3 

4     48 

+  6.46 

12.03 

Cbroooi 

38    11.92 

m.      t. 

Chronometer  fast  at  apparent  noon  July  28 38    12.88 

Chronometer  fust  at  apparent  noon  July  29 34    11.92 


Chronometer  fast  at  exchange  of  signal*,  July  23 38    12.40 


1392 


REPORT   OF   THE   CHIEF   OF   ENGINEERS. 


Telegraphic  time-signals  exchanged  between  United  States  Lake-Survey  Observatory  at  Detroit 

and  Fort  Fetterman,  for  longitude  mth  local  time  by  sextant 


Time  by  mean  solar 
chronometer  No. 
9-26,  T.  Cotterell 
&  Co.,  when  sent 
from  Fort  Fetter- 
man. 


True  mean  time 
when  received 
at  Detroit. 


Differences. 


h.    m. 

t. 

h. 

m. 

8. 

m. 

«. 

8    30 

20 

9 

21 

51.18 

51 

31.12 

30 

22 

01.26 

31. 26 

40 

11.65 

31.65 

50 

21.17 

31.  17 

31 

00 
40 

9 

50 

31.00 
11.32 

31. 00 

Mean 

51 

31.25 

8    58 

51 

31.32 

50 

* 

21.28 

31.28 

59 

00 
10 
20 

31.25 
41.16 
51.26 

31.  25 
31.16 
31. 26 

30 

51 

01.24 

31.24 

40 

11.66 

31.66 

50 

21.23 

31.23 

9    00 

00 

31.21 

31. 21 

Mean. 

51 

31.29 

True    mean    time 
when  sent  from 
Detroit. 

Time  by  chronom- 
eter No.  926  when 
received  at  Fort 
Fettermau. 

Differences. 

h.  171.         f. 

h. 

m. 

t. 

m. 

t. 

9    35    55.56 

8 

44 

24.3 

51 

31.26 

36    05.51 

34.0 

31.51 

15.59 

44.3 

31.29 

25.58 

54.3 

31.28 

35.45 

45 

04.3 

31.15 

45.36 

8 

48 

14.3 
24.3 

31.06 

51 

31.26 

9    39    55.63 

51 

31.  33 

40    05.56 

34.6 

30.96 

15.  61 

44.3 

31.  31 

25.56 

54.4 

31.16 

35.56 

49 

04.3 

31.26 

45.54 

8 

54 

14.3 
24.3 

31.24 

51 

31.  21 

9    45    55.57 

51 

31.27 

46    05.60 

34.3 

31.  30 

15.62 

44.4 

31.22 

25.44 

54.4 

31.  04 

35.48 

55 

04.3 

31.18 

45.  49 

14.3 

31.19 

51 

31.20 

Mean  of  first  set. . . 
Mean  of  second  set 
Mean  of  third  net  . 
Mean  of  fourth  ssi 
Mean  of  fifth  set  .. 


Chronometer  slow  of  Detroit  mean  solar  time 

Chronometer  fast  of  Fort  Fetterman  mean  solar  time. 


Fort  Fetterman  west  of  Detroit 
Detroit  west  of  Greenwich 


h.    m.  9. 

51  31. 25 

51  31. 29 

51  31.26 

51  31.21 

51  31. 20 


Longitude  of  Fort  Fette-man  west  from  Greenwich. 


51 
38 

31.24 
12. '40 

1 

5 

29 
32 

43.64 
12.24 

7 

01 

55.88 

o 
105 

23 

5P.2 

Longitude  of  Fort  Fetterman,  determined  July  22 105    29    25.65 

Longitude  of  Fort  Fettermau,  determined  July  28 105    28    58.20 

Meanreault 105    29    11.92 


a 
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Determination  of  latitude  from  observed  double  altitudes  of  Polaris. 

Station,  Fort  Fetterman,  Wyo.— Date,  July  20, 1876.— Observer  and  computer,  W.  8.  Stanton. 

h.    m.      s. 

Apparent  A.  R.  of  Polaris 1    13    18.92 

Sidereal  time  at  mean  noon  at  station =  7    55    31.10 

Sidereal  interval  from  mean  noon  of  star's  culmination 17    17    47.  e*2 

Retardation  of  mean  on  sidereal  time =  —         2    49.90 

Mean  time  of  culmination  of  star 5    14    57.92 

Chronometer  fast  of  mean  time  at  station =        38    10.14 

Chronometer-time  of  culmination  of  Polaris =5    53    08. 06 

Index-error  of  sextant =—     2'       40" 

Refraction,  (barometer  25.25,  attached  thermometer  73,  detached  thermometer 72.8)  ..  =  50" 

North-polar  distance  of  star  =  'A  =  1°  21'  12".3 =  4>7J".  3 

Assumed  latitude =  42°  50'      4.1" 


Chronometer-time 

Meridian  distances. 

A  C08D. 

0 

-f  a  (A  sin  p)* 
tan  A. 

-0(Asin?)' 

of  observation. 

In  mean  solar 
time  =p. 

In  arc  =  p. 

(A  cos  p.) 

h.    m.     t. 
1      7    57.0 
9    26.0 
10    54.9 

h.  tn.      ».       |  °      '        " 
4    45    11.06    1  71    29    28.63 
43    42.06               07    09.98 
42    13.  16       70    44    52. 72 

i 

25 
26 
26 

// 

50.43 
20.43 
50.35 

48.92 

48.72 
48.51 

it 

0.26 
0.  26 
0.  27 

% 

Observed   d 
altitude  o 
laris  out  o 
meridian. 

imble 
f  Po- 
f  the 

Tiue  altitudes  of 
star  as  correct- 
ed   for    refrac- 
tion and  errors 
of    instrument 
=  A. 

Latitude  deduced 
from  each  obser- 
vation =  L. 

86    35    00 

36  00 

37  00 

O          1          II 

43    15    20 

50 

16    20 

O          1             II 

42    50    18.23 
42    50    18.03 
42    50    17.89 

Latitu 

de 

42     50     lHfl.ri 

88  E 
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Latitude  from  circummc  ridian  altitudes  of  Altair. 

Station,  Fort  Fetternian,  Wyo.— Date,  July  20, 1876.—  Observer  and  computer,  W.  S  Stanton. 

h.  m.      $. 

Apparent  A.  E. of  Altair 19  44    47.0* 

Sidereal  time  at  mean  noon  at  station 7  55    31.10 

Sidereal  interval  from  mean  noon  of  star's  culmination 11  49    15. 98 

Retardation  of  mean  on  sidereal  time 1    56.9) 

Moan  time  of  culmination  of  star 11  47    19.78 

Chronometer  last  of  mean  time  at  station 38    10.14 

Chronometer-time  of  culmination  of  star 12  25    29.9*2 

Index-error  of  sextant =—  9    40" 

Refractioc,  (barometer  25.25,  detached  thermometer  72.8,  attached  thermometer  73.0) .  =  32".  14 

Assumed  latitude =  42°    5C    43" 


<M 

- 

o 

9 

II 

8. 

is 

53  9 

.£ 

p*rj 

rtista 
real 

2sin'ip 

coa  I  cos  D 

%t 

sin  1"=*. 

cos  a. 

as 

Oj3 

«8  JS 

a  o 

5* 

2 

c 

ja 

V 

U 

X 

h.  m.    g. 

m.     t. 

// 

U  15  22.  0 

)  i  •  t 

10    9.6. 
9  25.4 

202.62 

m 

16  06.1 

so* 

174.34 

s 

40.0 

8  51.4 

154.04 

s 

17  24.  8 

06.4 

129.00 

57.0 

"6  ft 

7  34.2 

112.50 

tT 

18  55.  0 

6  36.0 

85.50 

• 

19  38.  0 

13.0 

75.90 

P. 

20  32.0!  }'C~  \ 

4  58.7 

48.68 

1    a    \ 

22  37.0 

£•* 

3  53.6 

29.78 

0 

24  13.0 

-S5 

1  17.1 

3.24 

B 

25  40.0 

aZ 
2  ® 

0  12.0 

'.0.08 

a 

27  00.0 

1  30.3 

4.45 

s 

28  55.  0 

§c 

3  25.6 

23. 02 

a 
0 

33  55.  0 

u  O 
J3*S 

8  26.5 

139.9b 

35  15.0 

io     I 

9  46.7 

187.72 

•O 

r 

1,  . 

£f 

*  '1 

^m  ^^ 

—    V 

3* 

5-9 

.     C  >■" 

—  a 

2  * 

p«* 

"8 

« 

/    // 

4  20.7 

3  44.3 

3  18.2 

2  46.0 

2  24.7 

1  50.0 

137.6 

1  02.6 

0  38. 31 

0  04.27 

0  00. 10 

0  05.  73 

0  29.  62 

3  00. 00 

4  01. 51 

ircnm 
des  ol 

ridian 
as  cor- 
ei  of  in- 
rel'rac - 

U  3 

•  .  ►- 

IS 

Eve 

is! 

1268 

i:  ©C  a 
see. 

0 

H 

0  1  n 

0    /       /' 

HI  19  00 

55  37  37.  86 

20  00 

38  07.86 

21  00 

37.86 

22  00 

39  07.86 

23  00 

37.86 

24  00 

40  07.  86 

25  00 

37.86 

26  00 

41  07.  86 

27  00 

37.86 

27  30 

52.86 

27  30 

52.86 

27  30 

52.86 

26  30 

22.86 

21  40 

38  57.  86 

19  40 

37  57.  86 

/         // 

55  41  58.56 
52. 16 
56.06 
53.86 
42  02.  56 

41  57  86 

42  15.46 
10.46 
16.17 

41  57. 13 
52.  W 
58.59 
52.48 
57.86 
59.37 


42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 


35.84 
42.24 
38.34 
40.54 
31.84 
36.54 
18  94 
23.94 
18.23 
37.27 
41.44 
35.81 
41.93 
36.54 
35.03 


42  50  34. 3 
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Latitude  from  circummeridian  altitude  of  Altair. 
Station,  Fort  Fetterman,  Wyo.— Date,  July  36, 1876.— Observer  and  computer,  W.  S.  Stanton. 

Apparent  A.  R.  of  Altair 19  44    47.19 

Sidereal  time  at  mean  noon  at  station 8  19    14.46 

Sidereal  interval  from  mean  noon  of  stars  —  culmination 11  25    39.66 

Retardation  of  mean  on  sidereal  time 1    59.31 

Mean  time  of  culmination  of  star 11  93    40.35 

Chronometer  fast  of  mean  timeat  station 38    13.84 

Chronometer-time  of  culmination  of  star 12  01    54.19 

i 

Index  error  of  sextant =  -f-  2    32.5 

Refraction,  (barometer  25.199,  attached  thermometer  67.25,  detatched  thermometer 68.25) .  =  34.  409 

Assumed  latitude =       42°  50'  59" 


O 

o 
o 

9  « 

I 

o 


A.  w*.    *. 
11  49  40.  0 

51  22.0 

52  25.0 

53  31.4 

54  16.9 

55  00.0 

56  14.6 

57  13.4 

58  01.0 

58  59.8 

59  41.0 
13  01  42. 0 

04  47.0 
06  34.4 
08  36.3 

11  03.0 

12  49. 0 

15  06.0 

16  28.0 

18  15.5 

19  59.8 


2 


a 

o 

■a 


_  ** 
E5. 


u 

9 

«-» 
9 

a 

o 
a 


(J 


a, 

II 

$  9 

11 

e 

J2  • 
'o  a 

■c- 

9 


m.     t. 

12  16.2 
10  33.9 

9  30.7 

8  24.2 
7  38.5 
6  55.3 

5  40.5 
41.6 
53.8 
54.9 
13.6 
12.2 
53.3 
41.0 

6  43. 2 

9  10.3 
10  56.6 

13  14.0 

14  36.2 
16  24.  0 
18  08.6 


4 
3 
2 
2 
0 
2 
4 


2sln'frp  oosIcosD 


sin  l"=k 


a 

995.56 

219. 13 

177.62 

138.62 

114. 60 

94.05 

63.20 

43.28 

29.84 

16.68 

9.72 

0.08 

16.36 

43.10 

88.68 

165.18 

235. 12 

343.70 

418.60 

527.90 

646.09 


cos  a 


3     < 
8 


c 
o 
O 


1: 


*     J 


9 

s  • 

0   || 

3§ 

0 

•M 
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an  ( 

©:2 

p2 

"J* 

W 

/      a 

6  20.1 

4  41.8 

3  4&  4 

2  58.2 

3  27.4 

2  01.0 

1  21.3 

0  55.7 

0  38.3 

0  21.5 

0  12.5 

0  00.1 

0  21.1 

0  55.4 

1  54.1 

3  32.4 

5  02.3 

7  22.0 

8  58.3 

11  18.9 

13  50.8 

S  * 

c  9 

op 
•  :£ 


t%i 


9 

S3 


o       I    II 

111  10  00 
13  00 
15  00 

17  00 

18  00 

19  00 

20  00 
2100 
2130 
22  00 
22  00 
22  30 
2130 
20  40 
18  40 
15  30 
12  20 
07  30 
04  30 

111  00  00 
110  55  00 


•g  ««S  p 


9n  o  E  _ 


ti 


55  35 
37 
38 
39 
39 
40 
40 
41 
41 
41 
41 
41 
41 
41 
40 
38 
36 
34 
32 
30 
28 


43.85 
13.85 
1&85 
13.85 
43.86 
13.85 
4a  85 
13.85 
28.85 
43.85 
43.85 
5a  85 
2a  85 
03.85 
03.85 
98.85 
53.85 
28.85 
58.  b5 
43.  x5 
13.85 


n 

Sn 
•  ■a 
S§ 

0  0 
I 


o  / 

55  42 
41 
42 
42 
42 
42 
42 
42 
42 
42 
41 
41 
41 
41 
41 
42 
41 
41 
41 
42 
42 


ii 

04.00 
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013 

12.0 

11.2 

14.8 

05.2 

09.6 

07.2 

05.4 

56.4 

59.0 

50.0 

59.3 

58,0 

01.3 

56.2 

50.9 

57.2 

02.8 

04.7 


1 


42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 
42  50 


it 

31.6 
39.9 
33.4 
23.6 
24.4 

2a  8 

30.4 
96.0 
28.4 
30.2 
39.9 
36.6 
45.6 
36.3 
37.6 
34.3 
39.4 
44.7 
38.4 
32.8 
30.9 


42  50  33.55 
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Determination  of  latitude  from  observed  double  altitudes  of  Polaris, 
Station,  Fort  Fetterman,  Wyo.— Date,  July  27, 1876.—  Observer  and  computer,  W.  S.  Stanton. 

Apparent  A  R.  of  Polaris 1  13  24.7 

Sidereal  time  at  mean  uoon  at  station 8  23  11.0 

Sidereal  interval  from  mean  noon  of  stars— culmination % 16  50  13. 7 

Retardation  of  mean  on  sidereal  time 2  45.5 

Mean  time  of  culmination  of  star 16  47  2p.2 

Chronometer  fast  of  mean  time  at  station 38  12.75 

Chronometer-time  of  culmination  of  Polaris 5  25  40.95 

Index -error  of  sextant =  +l'  02".5 

Refraction,  (barometer  25.107,  attached  thermometer  72.8,  detached  thermometer,  73.4) . .      =         51".2 

North  polar  distance  of  star =  a  =  1°  21'  11".3  =  4871".3 

Assumed  latitude =  42°  50*  43' 


Chronometer-time 
of  observations. 

Meridian  distances. 

A    COS  p. 

• 

+  a  (  a  sin  p)* 
tau  A 

—  0  (  a  sin  p)1 

(A   COSJEr.) 

In   mean   solar 
time  =  p. 

1 
In  arc  =  p. 

A.    m.     «. 

10    01    4a  0 
04    50.0 
10    25.0 
15    43.9 
19    39.9 

h.  tn.     s. 

7    23    52.95 
20    50.95 
15    15,95 
09    57.05 
06    01.05 

O           1           a 

111     16    28.03 
110    30    50.55 
109    06    51.80 
107    46    55.20 
106    47    45.51 

/            // 

+29    27.48 
4-28    27.09 
+96    35.  13 
+24    47.67 
+23    27.64 

45.5 

46.0 

46.86 

47.65 

48.20 

0.29 
0.28 
0.26 
0.25 
0.24 

Observed  donble  alti- 
tude of  Polaris  out 
of  the  meridian. 

True  altitudes  of  star, 
as  corrected  for  re- 
fraction and  errors 
of  instrument  =  A . 

Latitude  deduced 
from  each  obser- 
vation =  L. 

O         1           II 

84    40    00.0 
42    50.0 
46    40.0 
50    10.0 
52    50.0 

O         1          II 

42    20    00.05 
21    05.05 

23  00.05 

24  45. 05 
26    05.05 

O         1         II 

42    50    13.32 
42    50    18.42 
42    50    22.30 
42    50    20.62 
42    50    21.  13 

Latitude 

42    50    19.158 

Latitude  of  Fort  Fetterman, 

By  Polaris,  July  20 

By  Altair,  July  20 

Mean  by  north  and  south  stars,  July  20 , 

By  Altair,  July  26 

By  Polaris,  July  27 

Mean  by  north  and  south  stars,  July  26  and  27 

By  north  and  south  stars,  July  20 

By  north  and  south  stars,  July  26  and  27 

Latitude  adopted 42    50 


42 
42 

50 
50 

18.05 
34.30 

42 

50 

26.17 

42 
42 

50 
50 

33.55 
19.16 

42 

50 

26.35 

49 
49 

50 
50 

S6. 17 
26.35 

26.26 
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For  time  by  equal  altitudes  of  sun's  lower  limb. 
Station,  Camp  Sheridan,  Nebr. — Date,  August  24,1876.— Observer  and  computer,  W.  S.  Stanton. 


Assumed  latitude=42°  50'  43". 


Longitudes  determined  with  sextant  and  chronometer. 


Chronometer  tiroes  of  c 

squal 

i 

Chronometer  fast  of 

Observed  double 
altitudes. 

altitudes. 

t'-f=the 

elapsed  time 

=  T. 

Equation    o  f 
equal     alti- 
tudes=£. 

mean  time  at  appa- 
rent noon  by  each 

1 

pair  of  equal  alti- 

jLm M. 

=  t.      \      P.  M. 

=  tf. 

tudes. 

O         1 

h.  tit. 

8. 

h.  tn. 

t. 

k.  tw. 

t. 

m.      ». 

97    40 

10    31 

23.9 

2    25 

37.1 

3    54 

+  10.48 

26    41.84 

50 

32 

01.0 

25 

00.0 

3    54 

-flO.48 

41.84 

98    00 

39.4 

24 

21.2 

3    51 

+ 10.  46 

i                           41.62 

10 

33 

16  9 

23 

43.3 

3    51 

+  10.46 

41.42 

20 

53.5 

07.3 

3    49 

+  10.45 

41.71 

30 

34 

31.9 

22 

28.9 

3    49 

+  10.45 

41.71 

40 

35 

09.4 

21 

50.0 

3    46 

+10.  43 

40.99 

50 

48.3 

12.0 

3    46 

+  10.43 

41.44 

99    00 

36 

26.0 

20 

33.9 

3    43 

+  10.40 

41.21 

10 

37 

03.9 

19 

56.0 

3    43 

+  10.40 

41.21 

20 

41.9 

18.2 

3    41 

+  10.39 

41.30 

30 

38 

21.2 

18 

39.2 

3    41 

+  10.39 

41.45 

40 

59.0 

01.  0 

3    39 

+  10.38 

41.24 

50 

39 
»r  fast... 

39.3                17 

20.4 

3    39 

+10.38 

41.09 

Chronomet* 

26    41.43, 

Camp  on  Tongue  River  at  the  mouth  of  Prairie  Dog  Creek,  Montana. . 

Camp  at  Forks  of  Goose  Creek,  Wyoming 

Camp  Cloud  Peak,  on  North  Fork  of  Goose  Creek,  Wyoming 

Camp  on  Crazy  Woman's  Fork  of  Powder  River 

Camp  on  right  bank  of  Powder  River,  opposite  old  Fort  Reno 

Fort  Fetterman 

Camp  Sheridan , 


A.  fit.  t. 

7  07  30.06= 

7  07  52.70= 

7  08  02.31  = 

7  05  59.80= 

7  04  49.88= 

7  01  56.79= 

6  50  35.11  = 


o  /  n 

106  52  30.9 

106  58  01.05 

107  00  34.65 
106  29  57.0 
106  12  2a  2 
105  29  11.85 
102  38  46.7 


Latitudes  with  sextant. 

o    /        // 

Camp  at  Forks  of  Goose  Creek,  Wyoming 44  49  25.09   by  Polaris. 

Fort  Fetterman 42  50  26.26  by  north  and  south  staia. 

Camp  Sheridan 42  51  09. 56  by  Polaris. 

The  foregoing  astronomical  determinations  with  sextant  No.  1601  by  Staekpole  &  Brother,  and  mean 
solar  chronometer  No.  926,  T.  Cotterell  &.  Co. 


APPENDIX  RR. 


ANNUAL  REPORT  dT  LIEUTENANT  E.  H.  RUFFNER,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAtt  ENDING  JUNE 
30,  1877. 

explorations  and  surveys  in  the  department  of  the  missouri. 

Headquarters  Department  of  the  Missouri, 

Office  of  the  Chief  Engineer, 
Fort  Leavenworth,  Kans.,  July  16,  1877. 

Sir  :  I  have  the  honor  to  submit  the  following  as  my  annual  report 
for  the  year  ending  June  30, 1877 : 

Inasmuch  as  there  was  no  appropriation  available  for  the  uses  of  the 
office  during  the  year,  no  skilled  labor  was  employed  and  no  operations 
were  conducted.  An  effort  was  made  to  finish  work  on  hand  at  the 
beginning  of  the  year,  and  to  do  something  with  new  matter  accumu- 
lated during  the  same  time.  The  notes  of  the  survey  of  the  headwaters 
9 of  the  Bed  Eiver  of  Texas  have  been  worked  on,  and  a  report  is  made 
of  the  same  and  appended  herewith.  My  principal  trouble  has  been 
the  loss  of  a  professional  draughtman.  Sergeant  G-.  A.  Lichtenberg, 
Company  D,  Battalion  of  Engineers,  has  been  on  duty  in  the  office 
throughout  the  year,  and  has  made  good  progress  and  has  been  of  more 
than  ordinary  service  in  the  preparation  and  tracing  of  maps  of  various 
sorts.  Lieut.  C.  A.  H.  McOauley,  Third  Artillery,  and  Lieut.  T.  M. 
Woodruff,  Fifth  Infantry,  have  been  on  duty  in  the  office  at  different 
periods,  and  have  been  eugaged  in  the  preparation  of  the  Red  River 
report.  Private  H.  Hartmann,  Company  C,  Fourth  Cavalry,  was  also 
engaged  a  part  of  the  time  as  a  draughtsman. 

I  have  been  employed  myself  in  preparing  the  notes  for  platting  and 
in  working  up  the  report,  especially  the  meteorological  notes  and  the 
water-color  sketches. 

No  maps  have  been  published  by  this  office  since  the  Indian  Territory 
map  in  1875,  and  none  have  been  submitted  for  publication.  Of  the 
general  work  done  in  the  department,  the  usual  reports  of  scouts  and 
marches  are  made,  and  although  the  movements  of  troops  have  not 
been  extensive,  still  a  fair  number  of  miles  is  recorded.  During  the 
calendar  year  1876  a  total  of  4,909  miles  is  reported,  as  compared  with 
5,341  during  the  preceding  year.  The  members  of  the  engineer  detach- 
ment have  been  employed  as  usual  in  recording  routes  of  march,  in 
instructing  enlisted  men  in  the  methods  of  topographical  work,  and  at 
the  engineer  offices  of  the  department.  The  value  of  the  services  of 
these  men  has  been  again  shown,  and  the  department  commander  has 
recently  called  my  attention  to  his  appreciation  of  their  work,  and  has 
directed  me  to  make  application  for  such  additional  men  as  are  needed 
to  render  the  detachment  efficient.  The  loss  by  suicide  of  Corporal 
William  Holland,  Company  D,  Battalion  of  Engineers,  while  suffering 
under  an  attack  of  acute  melancholia,  has  been  a  serious  one,  and  ex- 
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piratiou  of  terra  of  service  has  reduced  the  detachment  to  three  mem- 
bers at  present. 

During  the  summer  of  1876,  a  chain  measurement  of  Quartermasters' 
Freight  Route  No.  1,  from  Fort  Leavenworth,  Kans.,  to  Fort  Laramie, 
(uow  Wyoming  Territory,)  was  done  at  the  request  of  the  Department 
of  Justice,  and  the  officer  in  charge,  Lieut.  C.  C.  Hewitt,  Nineteenth 
Infantry,  made  the  report  as  directed.  This  was  unfortunately  lost  in 
the  mails,  and  Lieutenant  Hewitt  prepared  a  duplicate  report  in  this 
office  which  was  copied  and  the  copy  filed  here.  The  preparation  of  the 
map,  which  was  platted  on  four  sheets  of  double  elephant  paper,  and 
then  a  reduced  copy  made  for  retention,  occupied  several  weeks  of  the 
time  of  the  draughtsman. 

The  reservation  of  Fort  Stanton,  N.  Mex.,  was  redescribed  and  pub- 
lished in  general  orders  from  these  headquarters  during  the  year,  in 
accordance  with  the  resurvey  and  the  reduction  as  prescribed  by  act  of 
Congress. 

The  preliminary  papers  for  the  declaration  of  a  military  reservation 
at  Fort  Elliott,  Texas,  have  passed  through  this  office,  and  a  survey  was 
made  of  the  lines  of  the  proposed  reservation  by  Sergeant  F.  W.  Maier, 
Company  D,  Battalion  of  Engineers. 

A  plat  and  a  description  of  proposed  reservations  at  Fort  Eeno, 
Indian  Territory,  for  timber  and  for  the  general  use  of  the  post,  have 
been  prepared  in  this  office,  and  are  now  under  consideration  by  the 
proper  authorities. 

During  my  temporary  absence  on  duty  at  the  Centennial  Exhibition 
at  Philadelphia,  from  October  11  to  December  30,  1876,  the  office  was 
in  charge  of  Lieut.  T.  M.  Woodruff,  Fifth  Infantry.  Lieut.  C.  A. 
H.  McCauley,  Third  Artillery,  now  on  duty  in  this  office,  is  at  present 
engaged  in  a  prolonged  reconnaissance  through  the  mining  regions  of 
Southern  Colorado,  with  orders  to  report  exactly  the  number  of  persons 
at  present  engaged  in  these  mines,  and  to  examine  the  location  and 
condition  of  all  roads  to  these  regions.  He  will  also  report  in  especial 
as  to  the  capabilities  of  certain  points  for  use  as  the  location  of  a  mili- 
tary post  for  the  better  protection  of  the  settlers.  It  is  not  expected 
that  Lieutenant  McCauley  will  do  any  surveying,  but  he  will  make  use 
of  the  maps  furnished  him  by  Lieut.  G.  M.  Wheeler,  through  the  Chief 
of  Eugineers,  and  locate  his  routes  thereon.  He  will  be  engaged  upon 
this  work  during  the  entire  summer. 

The  following  maps  have  been  issued  from  the  office  during  the  past 
year: 

Map  of  Indian  Territory,  4  sheets 32 

United  States  military  divisions  and  departments,  Engineer  Bureau 3 

Kansas,  Indian  Territory,  and  Texas,  Engineer  Bureau 1 

Ute  reconnaissance,  1873 » 2 

Department  of  the  Missouri,  sheet  No.  2 6 

Department  of  the  Missouri,  sheet  No.  4 6 

New  Mexico,  Morrison,  1875 64 

Miscellaneous  maps 8 

Miscellaneous  tracings  made  and  issued 11 

Total 133 

The  sheets  Nos.  2  and  4  of  the  Department  of  the  Missouri  maps  are 
now  out  of  print  and  the  editions  exhausted,  and  but  few  copies  of  the 
Ute  reconnaissance  maps  remain. 

An  uuexpended  balance  of  the  appropriation  for  surveys  for  military 
defenses  having  been  again  made  available  by  Congress,  an  allotment 
has  been  made  to  this  office  for  the  present  fiscal  year  of  $1,200,  and  it 
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is  hoped  that  an  appropriation  for  the  coming  year  will  be  made,  so  as 
to  render  the  office  again  of  the  service  that  it  has  been  in  past  years. 
Nothing  especial  is  contemplated  for  immediate  field-work,  though,  as 
shown  above,  it  is  very  desirable  that  exhausted  editions  of  useful  maps 
should  be  replaced  by  new  and  improved  issues,  as  was  the  origiual 
intention  in  the  first  preparation  and  printing,  and  the  exigencies  of  the 
military  service  make  field-work  liable  at  any  moment.  Attention  is 
invited*  to  the  accompanying  report  on  the  survey  of  the  Red  River. 
Very  respectfully,  your  obedient  servant, 

B.  H.  Ruffner, 
First  Lieutenant  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 


SURVEY  OF  THE  HEADWATERS  OF  RED  RIVER,  TEXAS. 

Iu  accordance  with  verbal  instructions  from  the  department  command- 
er, and  with  a  schedule  of  written  instructions  prepared  by  myself  and 
approved  by  General  Pope,  I  left  this  post  on  April  25, 1876,  to  make  a 
prismatic-compass  and  theodolite  and  stadia-line  survey  of  the  head  of  per- 
manent water  of  the  Red  River  of  Texas.  The  party  took  wagon-trans- 
portation from  Dodge  City  to  Camp  Supply,  and  having  obtained  the 
necessary  transportation  at  the  latter  point  for  the  whole  trip,  went  on 
to  Fort  Elliott,  Texas.  Here  a  suitable  cavalry  and  infantry  escort  was 
obtained  to  do  the  necessary  labor  and  give  a  proper  protection  during 
the  work.  Fort  Elliott  was  reached  May  6.  The  preliminaries  of  prepa- 
ation  were  made  and  some  work  necessary  to  secure  a  good  start  was 
done,  so  that  the  party  was  able  to  leave  on  the  11th.  The  plan  of  work 
was  as  follows :  The  escort  and  train  proceeded  from  camp  to  camp  by 
the  most  direct  line  or  trail,  and  this  route  was  recorded  by  Sergeant  G. 
A.  Lichtenberg,  Company  D,  Engineers,  by  means  of  the  usual  pris- 
matic-compass and  odometer  readings.  The  start  was  made  as  early  in 
the  morning  as  it  was  light  enough  to  read  the  instruments  by,  and  ex- 
cept in  case  of  an  unusually  long  march,  the  new  camp  was  reached  by 
noon. 

The  stadia-line  was  run  by  myself.  The  meridian  was  determined  by 
an  astronomical  portable  transit  at  each  camp,  when  practicable,  and 
from  the  line  so  established  the  azimuth  of  the  course  was  taken  by  a 
theodolite,  and  was  preserved  throughout  the  march  by  back  sights 
from  each  station  to  t|je  preceding  one.  The  distances  were  obtained 
by  use  of  the  cross  hairs  of  the  telescope  bisecting  the  two  shields  of  an 
ordinary  leveling-rod,  which  were  separated,  as  directed  by  signal  from 
the  person  at  the  theodolite,  until  the  interval  between  the  shields 
marked  the  angular  distance  of  the  two  parallel  horizontal  wires  of  the 
reticle.  The  two  readings  of  the  shields  were  recorded,  and  the  differ- 
ence gave  this  interval  in  feet  to  the  decimal  of  thousandths.  The  co- 
efficient of  distance  was  obtained  by  carefully  chaining  off  on  the  ground 
a  thousand  feet,  and  then  by  repeated  measurements  getting  the  angu- 
lar distance  as  given  by  the  difference  between  the  readings.  Tue  value 
in  decimals  of  a  foot  for  the  stadia-interval  was  thus  given  for  1  foot, 
100  feet,  &c,  on  the  ground  in  horizontal  distance. 

Tbis  coefficient  was  afterward  tested  by  remeasurements  at  different 
times.  The  method  is  not  intended  for  the  most  accurate  of  work,  but 
under  the  circumstances  the  results  were  good.    It  was  found  that  or- 
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dinary  spider-lines  were  apt  to  sag  in  the  early  morning  when  the  air 
was  damp,  and  when  the  "  mirage77  became  excessive  in  the  heat  of  the 
day,  difficulty  was  found  iu  getting  an  exact  bisection  of  the  shields  from 
their  •'  dauciug."  The  rate  of  work  depended  upon  the  facility  with 
which  the  arrangements  were  carried  out.  The  theodolite  was  carried 
on  horseback,  at  a  walk,  the  points  of  the  tripod  being  inserted  at  the 
stirrup  into  a  carbine-sling,  as  a  guidon  would  be  carried  on  the  other 
side,  ft  was  found  best  to  use  two  stadia-rods,  alternately,  as  much  de- 
pended upon  judicious  selectiou  of  stations.  When  the  best  conditions 
prevailed,  between  2£  and  3  miles  an  hour  could  be  run  upon  the  open 
prairie.  As  high  as  22  miles  were  made  during  a  day's  march.  The 
distances  were  best  maintained  at  about  1,500  feet,  though  one  particu- 
lar advantage  of  the  system  was  well  displayed  in  the  crossing  of  canons 
and  wide  valleys  where  chaining  would  have  been  difficult  or  impossible. 
Indeed,  the  best  results  of  the  method  are  found  in  rough  country.  The 
records  when  reduced  were  platted  by  latitudes  and  departures,  and  the 
error  in  closing  from  Mulberry  Greek  Gamp  to  return  to  the  same  was 
about  1  per  cent.  Errors  of  azimuth  were  detected  upon  reaching  the 
following  camp  and  establishing  the  meridian  again;  and  after  a  due  al- 
lowance for  convergence  the  remaining  errors  were  not  found  to  be  ma- 
terial. The  details  of  topography  were  recorded  by  the  recorders  of  the 
stadia  rods,  as  well  as  on  the  prismatic-compass  Hue,  which  latter  was 
the  longer,  as  the  stadia-line  went  directly  across  obstacles  which  caused 
the  wagons  to  make  a  detour. 

Lieut.  O.  A.  H.  McCauley,  Third  Artillery,  and  Lieut.  T.  M.  Woodruff, 
Fifth  Infantry,  assisted  in  the  selection  of  the  stadia-line  and  its  sta- 
tions, and  enlisted  men  were  soon  taught  to  read  the  verniers  of  the 
level-rods  correctly  and  kept  good  records.  When  passing  through 
country  where  it  seemed  advisable,  Ado  Hunnius,  draughtsman  in  this 
office,  made  topographical  sketches  at  suitable  points  to  catch  the  shape 
of  the  laud.  At  other  times  he  assisted  on  the  stadia-line  and  Lieuten- 
ant McCauley  took  the  necessary  sketches. 

Sergeant  G.  A.  Lichtenberg,  Company  D,  Battalion  of  Engineers,  in 
addition  to  his  other  work,  kept  the  meteorological  record,  and  the  man- 
ner in  which  the  observations  were  taken  will  be  found  specified  in  the 
meteorological  report  annexed.  During  the  march  my  own*  attention 
was  giveu  eutirely  to  the  stadia-line,  but  during  our  stay  in  camp  I  en- 
deavored to  take  such  geological  notes  as  I  could,  and  a  brief  rfoumt 
will  be  found  under  that  bead. 

At  night  I  established  the  meridian,  when  practicable,  and  for  this  and 
other  reasons  I  carried  with  me  a  Wiirdeman  portable  transit,  aud  as 
an  experiment  a  frame- work  which  could  be  sun£  in  the  earth  and  after 
being  made  solid  by  ramming  the  soil  back  again  around  the  legs,  could 
be  used  as  the  pier  for  the  instrument.  It  was  my  intention  to  attempt 
to  determine  the  latitude  by  the  prime  vertical  and  the  longitude  by 
lunar  culminations,  in  addition  to  using  the  transit  for  meridiau-liuesand 
for  time.  I  fouud,  however,  that  I  did  not  stay  long  enough  iu  any  one 
place,  and  at  this  writing  I  am  disappointed  in  the  results.  The  lati- 
tude of  two  points  was  attempted.  One  may  be  considered  well  deter- 
mined. Observations  for  lunar  culminations  were  made  at  two  .points 
and  the  reductions  are  not  satisfactory  to  me ;  whether  from  lack  of  skill 
in  the  reduction  or  from  inherent  fault  of  the  observations  themselves,  I 
am  unable  to  state.  Possibly  I  expected  to  do  too  much  myself,  and  I 
should  have  succeeded  better  by  taking  more  time  and  being  more  at 
ease. 

JLieut.  0.  A.  H.  McCauley,  Third  Artillery,  joined  the  party  as  a  vol- 


APPENDIX   Eft.  1403 

tinteer  and  gave  me  great  assistance. in  everything  where  intelligence, 
industry,  and  enthusiasm  were  expected.  Although  in  bad  health,  he 
was  always  willing,  cheerful,  and  efficient.  He  made  a  collection  illus- 
trating the  ornithology  of  the  region,  and  brought  back  au  interesting 
series  of  bird  skins,  uests,  and  eggs.  Besides  this  work,  he  rendered,  as 
stated  above,  services  on  the  stadia-line  and  in  taking  sketches  of  the 
topography.  Upon  returning  to  this  poiut,  he  reudered  me  a  full  aud 
interesting  report  on  the  ornithology  of  the  region.  He  afterward  fur- 
nished to  the  survey  conducted  by  Dr.  Hayden  a  copy  of  his  report 
without  mentioning  the  matter  to  me  and  requested  its  publication. 
This  was  done,  and  the  report  will  now  be  fouud  among  the  publications 
of  that  survey,  to  which  it  does  not  in  any  manner  belong. 

Lieut.  Thomas  M.  Woodruff,  Fifth  Infantry,  was  engaged  in  h»  leisure 
moments  in  making  such  a  collection  of  botanical  and  other  natural-his- 
tory specimens  as  his  facilities  allowed  him  to  do,  and  his  unwearied 
attention  to  this  and  his  faithfulness  in  executing  all  duties  iutrusted 
to  him  are  worthy  of  special  mention.  His  reports  on  the  specific  duties 
performed  by  him  will  be  found  appended. 

Lieut.  F.  D.  Baldwin,  Fifth  Infantry,  was  in  command  of  the  escort, 
which  consisted  of  eighteeu  enlisted  men  of  the  Fourth  Cavalry  and 
fourteen  of  the  Nineteenth  Iufautry,  and  by  his  activity,  energy,  and 
atteution  to  details  caused  the  utmost  smoothness  to  exist  iu  all  the 
work,  and  the  surveyiug  parties  were  always  fouud  ready  for  work,  and 
uninterrupted  by  any  annoyance  or  drawbacks. 

Acting  Asst.  Surg.  W.  E.  Sabin  completed  the  personnel  of  the  party. 

The  first  camp  was  made  at  Cottonwood  Creek,  12J  miles  west  from 
Fort  Elliott,  and  a  delay  of  a  day  enabled  the  party  and  escort  to  be 
suitably  organized  for  work.  The  next  day's  march  was  9£  miles  west, 
to  Big  Springs,  on  the  North  Fork  of  Bed  River.  Fort  Elliott  is  beauti- 
fully situated  on  a  high  level  between  two  of  the  heads  of  the  Sweet- 
water, a  branch  of  the  North  Fork.  An  abundance  of  fine  fresh  water 
and  a  heavy  grove  of  cottouwood  led  to  its  selection.  Not  far  off  ar« 
fine  groves  on  several  of  the  adjacent  streams,  which  have  been  heavily 
drawn  on  for  the  construction  of  the  post  and  for  the  necessary  fuel.  Oa 
the  north  aud  west  the  edges  of  the  upper  level  of  the  Staked  Plains 
appear,  and  outlying  buttes  similarly  capped  with  the  bard  white  lime- 
stone, which  preserves  the  upper  layers  aud  ;  until  washed^ way,  all  that 
may  be  covered  by  it;  are  met  with  from  the  Canadian,  down.  Rolling 
country,  well  grassed  in  the  spring,  extends  to  the  east  and  south,  and 
the  lower  levels  and  valleys  have  as  fine  grazing  as  need  be  wished. 
The  advent  of  the  new  post  and  the  removal  of  the  Indians  have  brought 
many  settlers  into  the  vicinity,  and  milk  and  butter  and  eggs  are  sold 
in  ranches  where  three  years  ago  a  single  company  of  cavalry  was  not 
too  great  an  escort.  Cottonwood  Creek  runs  into  the  North  Fork  some 
8  miles  down  below  our  crossing.  A  ranch  was  found  on  the  creek,  and 
growing  corn.  A  particularly  large  grove  of  cotton  woods  fills  the  bot 
torn,  and  was  the  subject  of  the  first  water-color  sketch  submitted  with 
this  report.  The  country  of  the  North  Fork  is  much  the  same  as  the 
rest  described,  except  that  more  sand  is  fouud  than  at  any  other  poiut 
since  leaving  the  Canadian. 

Upon  leaving  the  Big  Springs  we  entered  directly  upon  the  general 
surface  of  the  Staked  Plains.  From  this  point  to  the  camp  on  McClellan 
Creek,  and  (excepting  the  slightly  rolling  vicinage  of  the  Salt  Fork)  from 
that  poiut  until  we  came  down  the  mesa  into  the  Tule  Canou,  we  were 
on  the  upper  level. 

A  description  of  a  monotony  may  be  tiresome  and  monotonous,  but 
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the  reality  need  not  be.  The  long  steady  view  or  the  gentle  swell,* 
and  long,  long  wave  of  the  quiet  parched  plaiu,  has  a  strange  fascina- 
tion, and  the  slightest  break  to  its  vacuity  has  an  alarming  attraction. 
A  withered  u  soap-weed"  may  be  a  forest;  its  dead  last  year's  stalk  of 
bloom  may  be  a  painted  warrior.  The  wide  shallow  ponds  may  have 
water  in  them  or  not,  according  as  pleases  the  sprites  of  the  desert. 
The  white  swells  of  the  canvas  wagou-covers  or  tents  may  loom  up  and 
waver  as  though  a  mountain  of  snow  in  the  distance,  aud  the  dancing, 
quivering  heat  and  flame  between  you  and  them  may  be  those  of  adven- 
turous souls  who  have  tried  to  reach  the  cool  breath.  The  rabbit  or  the 
startled^ antelope  may  be  the  sudden  vision  that  all  eyes  see,  and  the 
bleachitig  bones  may  seem  to  be  herds  of  antelope,  deer,  elk,  or  what 
not  animal,  known  or  unknown.  The  first  low  swell  ahead  of  you  a  hun- 
dred yards  may  magnify  its  short  dried  herbs  to  a  distant  forest  in  the 
misty  morning,  and  the  cliffs  of  the  breaks  8  miles  away  may  really  be 
twice  that. 

The  short  withered  grass,  the  famed  buffalo-grass,  grows  everywhere, 
and  the  sad  signs  of  many  bleachiug  carcasses,  and  later  in  our  journey 
the  occasional  tent  and  wagon  of  the  buffalo-hunter,  and  the  scattered 
bands,  and  their  many  halt,  lame,  aud  blind,  show  that  the  buffalo  have 
no  longer  here  a  home. 

As  there  had  been  little  or  no  rain  during  the  early  spring,  and  as  we 
had  very  little  during  our  trip,  the  ponds  or  drain-basins,  that  are  every- 
where on  the  plains,  had  no  water  in  them,  though  they  were  evidently 
wet  during  some  part  of  each  year.  The  hard,  firm  road  made  traveling 
easy  everywhere  for  man  and  beast. 

The  point  at  which  we  crossed  McGlellan  Creek  was  near  the  head  of 
its  water,  and  we  had  passed  around  the  bead  of  its  north  fork  entirely. 
The  creek  was  at  that  place  in  a  canon,  some  100  or  more  feet  below  the 
general  level.  Upon  our  return  we  first  struck  the  creek  some  5  miles 
below  this  point,  and  here  we  met  the  finest  grove  of  cottonwoods  en- 
countered on  the  trip.  It  was  three  or  four  miles  long,  and  the  valley 
was  very  pretty,  with  roHing  hills,  and  a  bottom  in  places  a  quarter  of  a 
mile  wide. 

The  Salt  Fork  and  Mulberry  Creek  were  both  pretty  much  alike,  with 
a  scant  supply  of  good  water,  a  few  trees,  and  rolling  ground  at  the 
upper  breaks.    Mulberry  Creek,  however,  canons  soon  and  very  deeply. 

The  next  march  brought  us  to  the  main  caiion  of  Red  River,  and  a 
gorgeous  sight  the  first  view  of  it  was.  Down  one  of  its  side  caiions  we 
looked  on  the  strange  scene.  Cliffs  of  brilliant  red  sandstone  were  the 
main  walls  of  the  canon,  and  the  capstone  the  usual  white  limestone 
of  the  country.  Lower  down  in  the  valley  the  saudstones  are  seen 
to  be  supplanted  by  clays  and  the  gypseous  mixtures  of  lime  aud  sand- 
stone and  clays ;  the  whole,  so  washed  and  twisted  and  shapen  as  to 
marvel  the  eye  with  its  intricacy  and  daze  it  with  its  brilliancy,  formed 
a  wild  and  enchanting  scene.  So  vivid  are  the  colors  that  I  have  in 
vain  tried  to  secure  from  one  who  has  not  seen  such,  the  recognition  due 
some  of  my  copies  of  the  tints;  nay,  though  I  have  specimens  of  the 
colored  clays  and  stones  placed  beneath  the  pictures  themselves,  they 
seem  not  to  acknowledge  them  truthful. 

Our  camp,  occupied  near  the  head  of  the  caiion,  was  called  a  perma- 
nent camp,  and  1  submit  a  view  of  the  canon  here.  At  this  point  I 
halted  the  party,  3-nd  devoted  a  week  to  running  a  line  to  the  bead  of 
water  on  the  Palo  Duro,  the  northern  of  the  two  streams  which  form  the 
Red  River.  It  bad  been  said  that  this  stream  was  many  miles  iu  length, 
but  I  traced  it  to  its  bead  with  no  trouble  and  then  crossed  south  to 
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the  other  stream,  called  the  Tierra  Blanca.  The  route  made  by  Col.  J. 
I.  Gregg,  of  the  Eighth  Cavalry,  iu  1872,  was  down  this  stream,  and  as 
he  had  been  to  the  head  of  water  there,  it  was  not  necessary  to  go  far- 
ther. The  heads  of  these  streams  and  of  the  Tide,  which  was  afterward 
ascended  to  a  similar  point,  presented  at  these  times  a  very  lovely  pic 
ture.  We  were  above  the  canons,  and  the  low  rolling  banks  of  the 
courses  were  not  enough  to  call  hills.  The  fringe  of  brushes  and  low 
trees  near  the  water  opened  into  one  or  two  groves  on  the  Palo  Duro, 
and  the  grass  and  foliage  bore  its  brightest  spring-green.  The  birds 
swarmed  iu  the  untouched  wilderness  and  sang  and  twittered  without 
ceasing.  Antelope  in  great  quantity  and  an  occasional  herd  of  mus- 
tangs gave  life  to  the  scene.  The  upper  course  of  the  Tierra  'Blanca 
lay  through  marshes 'and  low,  flat  meadows,  and  the  whole  evidently 
formed  a  choice  grazing-ground  for  a  limited  number  of  suitable  ani- 
mals. Doubtless  we  saw  it  at  its  best,  but  it  must  always  be  of  value 
as  a  stock-range. 

I  have  endeavored  tp  represent  accurately  and  without  any  exaggera- 
tion the  vivid  tints  of  this  region  in  my  two  sketches  on  the  Palo  Duro 
and  the  Tierra  Blanca.  The  water  of  the  first  stream  contained  small 
cattish  within  2  miles  of  the  head  of  water.  The  upper  course  of  the 
Tule  has  an  exactly  similar  country  to  this,  and  I  went  to  the  head  of 
water  there  also. 

During  my  trip  up  the  Palo  Duro,  Lieutenant  Woodruff  ran  a  line 
to  the  Canadian,  as  described  by  him,  and  of  which  the  two  sheets  14 
and  15  give  the  result.  This  was  done  to  connect  the  work  with  the 
various  surveys  up  that  river. 

At  the  permanent  camp  1  took  a  sketch,  which  exhibits  the  character 
of  the  canon  there  exactly.  It  is  about  250  feet  deep ;  and  about  2£ 
miles  below  this  point  are  the  falls  of  the  river.  Here  the  stream 
breaks  through  the  lower  sandstone,  the  second  hard  rock  of  the  series, 
perhaps  250  feet  below  the  top  of  the  canon.  The  falls  are  about  30 
feet  high,  and  just  below  them  the  gorge  may  be  100  feet  across 
and  50  feet  high,  besides  the  canon  above  it,  .which  may  be  300  feet 
higher,  aud  at  the  top  one-third  of  a  mile  wide.  Down  this  gorge  I  rode, 
having  soon  found  a  way  to  get  down  into  it.  At  about  5  miles  below, 
1  found  it  gradually  widening  and  becomiug  more  like  the  canon  in  the 
other  places.  When  I  came  within  sight  of  our  first  camp  on  the  canon- 
wall,  given  in  sheet  No.  6, 1  rode  up  on  to  the  prairie  and  back  to  camp. 
At  this  point  the  caiion-walls  may  have  been  450  feet  high  and  half  a 
mile  wide.  I  am  confident  this  is  the  place  so  vividly  described  in 
Marcy  and  McClellan's  Red  River  Report,  (p.  55,)  as  I  have  traced  up  or 
down  every  canon  which  could  fit  their  description,  and  this  comes  the 
nearest  to  doing  it. 

The  narrowest  and  deepest  canon  met  by  us,  in  a  month's  steady 
search  of  them,  is  that  pictured  by  me  as  Tule  Canon,  which  is  500  feet 
deep  by  the  barometer,  and  about  a  qaurter  of  a  mile  wide  from  top  to  top. 
The  steepest  and  highest  cliff  seen  is  that  painted  in  the  center  of  the 
picture,  and  it  is  125  feet  by  the  barometer.  During  our  stay  in  this 
region  the  closest  search  of  the  members  of  the  party  failed  to  detect 
or  to  find  any  signs  of  fossils  in  the  main  canon  or  above  it  in  the  two 
creeks  forming  the  main  stream.  I  except  from  this  statement  the  pet- 
rified trunks  of  trees  which  were  occasionally  seen,  and  petrified  rootlets 
which  were  found  in  the  upper  clay  just  under  the  white  or  reddish- 
white  limestone,  which  has  been  so  often  referred  to  as  the  capping 
stone  of  the  region. 

We  remained  five  days  in  camp  at  the  head  of  Canoncito  Blanco. 
This  enabled  me  to  take  astronomical  observations  for  longitude  and 
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latitude,  and  to  run  a  stadia-line  down  the  canon,  and  to  make  investi- 
gations into  geology.  Here  we  were  rewarded  for  the  first  time  by  the 
discovery  of  water-worn  lamellibranchiata  Ostrcea,  Gryphcea,  and  others, 
80  worn  as  to  be  unrecognizable.  The  place  where  found,  and  a  more 
particular  description,  will  be  given  further  on.  This  canon  is  sharply 
cut,  narrow,  and  soon  very  deep,  reaching  in  about  2£  miles  the  same 
depth  acquired  by  the  main  stream  in  10£.  There  is  found  in  the 
course  of  the  stream,  which  contained  fresh  sweet  water  in  a  rnnning 
brook,  a  narrow  falls,  some  15  feet  high.  At  the  last  point  reached  by 
the  stadia-Hue,  as  shown  on  Sbeet  No.  9,  the  view  ot  the  distant  canon 
of  the  main  stream  was  very  fine,  and  the  wild  masses  ot  weather-worn  4 
rocks  seemed  in  their  strangest  confusiou  and  brightest  colors.  The 
channel  of  the  river  was  about  4  miles  distant  from  the  last  point 
reached  on  the  mesa.  The  narrow  canon,  as  is  the  same  case  below  the 
falls  of  the  Eed  River,  had  a  choice  covering  of  deciduous  trees,  where  the 
protection  irom  storms  and  fires  was  perfect  and  the  water  in  abundance. 
Birds  found  the  canon  a  natural  abiding  place;  and  there  were  tracks 
of  bears,  and  perhaps  a  "  mountain-lion,''  though  we  saw  neither.  An 
unfortunate  buffalo  straggled  to  the  stream  during  our  stay,  and,  though 
despised  by  his  comrades,  he  seemed  to  be  welcomed  by  our  escort  "  with 
bloody  hands  to  a  hospitable  grave."  A  hgavy  hail-storm  on  June  6 
gave  unexpected  and  unnecessary  animation  to  our  stay. 

As  we  left  this  point,  on  the  7th  June,  a  caravan  of  New  Mexicans, 
with  women  and  children,  flocks  and  herds,  came  into  camp,  having 
taken  the  night  for  their  march,  as  is  preferred  by  them.  They  were  going 
as  settlers  to  the  Quita  Que  country  to  the  south  of  us,  and  as  we  were 
traveling  over  the  field  traversed,  in  1872-'73-'74,  by  the  cavalry  in  chase 
of  renegade  Indians,  the  sudden  appearance  of  this  peaceful  hegira  was 
an  evidence  of  the  improved  state  of  affairs. 

We  found  good  water  at  our  next  camp,  which  was  at  the  bead  of  a 
small  canon  as  it  broke  through  the  mesa.  Indeed,  from  what  the 
guides  reported,  and  from  what  I  deduce  from  the  geological  relations  of 
the  region,  good  water  may  be  found  near  the  head  of  any  side  canon 
to  the  west,  or  north  and  west  of  the  main  cation  at  points  where  the 
two  waterbearing  rocks,  the  upper  or  limestone  near  the  surface,  and 
the  lower  conglomerate  some  350  feet  below  the  upper  level,  crop  out 
into  the  section.  I  say  may  be  found,  and  an  inspection  will  soon  show 
whether  or  not  a  search  would  be  worth  while;  because  the  highest 
point  or  liue  on  the  plains  is  directly  west  of  the  main  canon,  and  the 
water  flowing  eastward  is  in  general  following  a  direct  course,  or,  at 
most,  is  gathered  by  gentle  slopes  iuto  troughs,  which  empty  into  the 
side  canons.  Any  water  flowing  iuto  the  streams  from  any  source  be- 
low the  conglomerate  may  be  tainted  from  the  gypseous  formation  and 
its  concomitants.  So  the  streams  to  the  north,  Mulberry  Creek  and 
Battle  Creek,  have  only  a  limited  source  of  supply,  and  that  from  the 
north ;  while  the  side  canons  of  the  main  canon  to  the  south  and  east  of 
the  great  bencl  need  not  be  searched  for  good  water. 

In  traveling  up  the  bed  of  the  main  river  from  the  mouth  of  the  Tule, 
each  side  caiion  to  the  left  may  be  explored  in  the  confident  belief  of 
finding  good  water  in  a  distance  of  a  mile  at  least,  while  the  streams 
from  the  north  and  east,  containing  a  much  larger  flow  of  water,  are 
inexpressibly  nasty  to  the  taste — worse  than  the  main  stream  in  fact, 
and  upon  examination  tbe  sources  of  these  side  affluents  may  be  found 
within  a  mile  or  so  of  the  main  bed. 

The  descent  from  the  edge  of  the  mesa  into  the  canon  of  Tule  Creek 
was  made  with  difficulty  by  tbe  wagons,  and  the  fall  of  about  1,000  feet 
was  effected  in  3  miles. 
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The  topography  of  this  region  is  well  illustrated  by  Sheet  No.  11. 
We  were  now  fairly  in  the  alkali  region,  and  the  water  of  the  Tale 
was  serviceable  without  the  addendum  of  soap.  The  valley  was  verdant 
with  rank  vegetation,  and  through  part  of  its  course  had  good  groves  of 
deciduous  trees.  The  camp  was  established  at  the  mouth  of  the  stream, 
and  I  went  to  the  head  of  the  creek  and  found  it  of  the  same  character- 
istics as  described  for  the  Palo  Duro  aud  Tierra  Blanca.  The  creek  is, 
however,  of  good  length  and  volume  of  water,  and  where  it  broke  into 
its  canon  I  saw  the  finest  exhibition  met  with  during  the  trip  of  the  per- 
pendicular-walled canon.  It  was  impossible  to  descend  with  the  horses, 
and  only  after  some  two  hours  of  hard  climbing  did  we  reach  the  bot- 
tom. The  barometer  showed  a  fall  of  500  feet.  While  making  this  trip 
we  saw  another  New  Mexican  emigrant  with  two  wagons  at  the  crossing 
of  the  stream  above  the  head  of  the  canon.  My  return  to  camp  found 
the  party  amply  satisfied  with  four  days  of  epsom  salts,  and  we  were 
ready  to  move  the  next  day.  The  sketch  showing  the  mouth  of  Tule 
Creek  is  made  from  its  south  bank,  and  looking  north  the  river-bed  may 
be  half  a  mile  wide,  and  as  it  glitters  in  the  sun  is  as  dazzling  almost  as 
snow.  The  quivering  heat  and  the  disagreeable  odor  make  the  passage 
up  its  bed  even  for  3  miles,  at  5  o'clock  in  the  morning,  anything  but 
pleasant. 

Our  camp  on  Battle  Creek  was  on  the  scene  of  an  encounter  between 
Col.  N.  A.  Miles,  Fifth  Infantry,  and  the  hostile  Indians,  on  August  30, 
1874.  Between  Tule  Creek  and  D  Company  Creek  we  made  two  marches 
among  the  rolling  plains  and  hillocks  at  the  foot  and  along  the  edge  of 
the  Staked  Plains.  Just  before  reaching  D  Company  Creek  we  crossed 
Mulberry  Creek.  These  streams  have  a  limited  supply  of  brackish  water, 
and,  although  they  may  furnish  a  limited  area  for  stock  purposes,  they 
will  not,  I  tear,  ever  be  of  much  value. 

The  scrubby  cedars,  which  enjoy  a  growth  in  all  situations  where  sand 

and  drought  make  their  existeuce  pleasant,  are  here  found,  as  well  as 

scattering  ou  the  sides  of  the  caiions  anywhere  and  everywhere.    We 

killed  at  D  Company  Creek  a  black  bear,  the  only  one  seeu  on  the  trip, 

and  a  scrubby  fellow  at  that. 

During  the  camp  at  the  mouth  of  the  Tule  the  party  feasted  on  deer, 
antelope,  buffalo,  young  and  old,  to  their  heart's  content,  and  uutil  pork 
again  grew  to  be  a  luxury. 

We  were  now  in  the  buffalo  country,  butr  instead  of  the  countless  herds 
of  five  years  before,  the  bands  were  small  and  not  numerous.  Thou- 
sands ran  where  tens  of  thousands  were  found  in  1872,  and  the  great 
numbers  of  maimed  who  had,  though  wouuded,  escaped  the  knife  of  the 
buffalo-hunter,  testified  to  the  approaching  doom. 

We  encountered  these  herds  from  this  time  until  our  arrival  at  Camp 
Supply,  aud  we  met  occasional  parties  of  hunters  hanging  on  the  flanks 
of  the  herd.  The  buffalo  are  already  so  few  in  number  that  the  pursuit 
is  not  very  remunerative,  and  I  doubt  if  any  who  were  out  made  much 
more  than  a  fair  living  by  their  campaign.  Indeed,  one  of  our  scouts 
told  me  "it  didn't  pay,"  and  as  he  himself  was  engaged  in  this  work 
when  most  attractive,  and  had  made  with  one  partner  $975  in  two  weeks, 
from  skins  obtained  in  the  Arkansas  Valley,  in  1873,  he  probably  knew. 
He  gave  me  this  as  the  best  he  had  done. 

From  D.  Company  Creek  we  again  ascended  to  the  plains  and  connected 
our  line  with  that  of  the  outgoing  part,  at  the  camp  at  Mulberry  Creek. 
Leaving  the  party  in  camp  here,  I  rode  southwest  to  the  canon  again, 
and  down  and  across  it  to  a  point  not  far  from  our  Camp  Cent.  Lieu- 
tenant McCauley  had  made  a  reconnoissance  from  the  camp  on  Tule 
Creek  up  to  this  point,  and  I  now  connected  my  line  with  his.    A  part 
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of  the  topography  thus  given  is  found  on  the  sheets,  but  the  whole  can- 
not be  put  down  until  a  general  map  is  made ;  but  I  have  not  as  yet 
been  able  to  commence  this.  The  canon  here  has  magnificent  propor- 
tions. At  the  point  where  I  descended  the  walls,  it  may  be  8  miles  wide, 
though  it  spreads  as  the  lower  course  of  the  stream  turns  southwardly. 
The  upper  walls  may  be  300  feet  high,  and  a  plateau  then  stretches  to 
near  the  river  proper.  The  plateau  is  seamed  with  watercourses,  and 
the  main  walls  are  indented  by  "  breaks."  The  river-bed  has  immediate 
inclosing-hills  of  300  or  more  feet  in  height,  and  on  the  west  the  mesa- 
walls  rise  nearer  the  river  and  are  more  sharp.  The  short  water-courses 
of  the  plateau  are  the  affluents  from  the  north  quoted  by  Marcy  aud 
McClellan.  During  this  ride  I  found  a  few  shells  in  a  conglomerate, 
about  200  feet  or  more  above  the  river,  and  at  the  place  we  camped. 
Perhaps  the  spot  was  3  or  4  miles  from  Gamp  Cent.  During  my  absence 
Lieutenant  Woodruff  ran  a  short  line  down  Mulberry  Creek,  and  the 
evening  of  my  return  to  camp  was  celebrated  \>y  a  brisk  hail-storm  and 
an  attempt  at  stampede  of  the  mules. 

From  this  point  we  returned  directly  to  Fort  Elliott.  The  line  of 
march  was  to  the  east  of  that  taken  on  the  outward  march.  The  pris- 
matic compass-line  was  the  only  one  recorded  on  the  return. 

We  camped  on  McClellan  Creek,  at  the  junction  of  its  two  forks, 
and  in  the  fine  grove  of  cotton  woods  already  spoken  of.  Beaching  Fort 
Elliott  June  21,  the  escort  was  returned  to  duty  at  its  post,  and  it  gave 
me  pleasure  to  express  to  the  commanding  officer  the  entire  satisfaction 
felt  at  the  willingness,  interest,  and  soldierly  bearing  of  the  escort,  duriug 
their  performance  of  the  duty  expected  of  them. 

We  arrived  at  Dodge  City  on  June  28.  The  general  mileage  made  was 
as  follows : 

Mil  *. 

Stadia  line  complete 260 

Prismatic  compass-line..  * 450 

Horseback  reconnaissance 175 

Total 8b5 

Fort  Dodge  to  Fort  Elliott  and  return  370 

Total  mileage  surveyed  and  by  wagon 1,255 

The  general  results  were  gratifying  in  showing  that  my  map  of  the 
Indian  Territory  was  quite  correct,  and  my  survey  but  confirmed  my 
deductions  and  conclusions  from  prismatic  compass-lines  already  on 
hand. 

On  working  up  the  report  I  have  met  with  much  difficulty.  Soon 
after  coming  back  Lieutenant  Woodruff  was  detailed  in  the  office  to 
work  up  his  own  notes,  but  was  soon  relieved  and  went  with  his  regi- 
ment to  Dakota.  Lieutenant  McCanley  was  afterward  on  duty  but  to 
be  relieved  and  ordered  to  Washington.  I  myself  was  absent  two  months 
and  a  half,  and  I  had  no  funds  to  hire  a  draughtsman.  I  have  made 
some  remarks  in  my  geological  notes  which  may  be  of  interest  as  to  the 
features  of  the  country.  As  to  its  economical  value  it  will. be  recollected 
that  my  notes  commence  and  end  at  or  near  the  Staked  Plains,  and  that, 
whatever  may  be  the  future  of  the  country,  the  needs  for  it  are  not  ap- 
parent as  yet ;  and  with  the  miles  and  miles  of  fair  grazing-land  in  the 
Indian  Territory  and  in  Kansas  as  yet  unflecked  with  peaceful  herds,  I 
see  no  reason  for  speculating  on  the  use  of  the  Staked  Plains.  For  the 
present  it  will  suffice  us  to  know  where  we  may  go  and  how  we  shall 
best  travel,  and  where  the  best  roads,  wood,  water,  and  grass  may  be 
found. 
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REPORT  OF  LIEUTENANT  THOMAS  M.  WOODRUFF,  FIFTH  INFANTRY. 

Fort  Leavenworth,  Kansas,  February  1, 1877. 

Sir  :  I  have  the  honor  to  snbmit  the  following  report  upon  iny  trip  from  the  perma- 
nent camp  on  Red  River  to  the  Canadian  River : 

In  accordance  with  yonr  instructions  to  ran  the  stadia  line  np  to  the  Canadian  River,  I 
organized  my  party,  consisting  of  Sergt.  G.  A.  Lich  ten  berg,  Company  D,  Engineers;  scout 
Dixon,  with  one  corporal  and  eight  men  ;  one  wagon  and  seven-days'  rations  and  for- 
age, as  follows:  To  Sergeant  Lich  ten  berg  I  intrusted  the  keeping  of  the  prismatic 
compass  and  odometer  readings.  The  scout  Dixon  and  Corporal  Merriam,  of  Company 
M,  Fourth  Cavalry,  rode  some  distance  in  advance  and  chose  stations.  Private  Rep  1  ogle 
had  the  stadia  rod,  and  privates  Hall,  Kirch,  and  Hope  assisted  me  as  flagmen.  I  my 
self  took  Aloe  theodolite  No.  93.  Scout  Dixon  informed  me  that  it  was  quite  a  long 
distance  from  the  permanent  camp  to  the  next  water ;  therefore,  in  order  to  gain  time 
and  ruu  the  line  more  quickly,  I  left  the  camp  at  1  o'clock  on  the  2  id  of  May,  taking 
only  the  working  party,  and  ran  the  line  out  about  5  miles.  I  returned  to  the  camp 
about  6  p.  m.    The  afternoon  had  been  cloudy,  but  very  cool  and  pleasant. 

At  5  o'clock  on  the  morning  of  the  24th  of  May,  I  left  the  camp  with  my  whole  party 
and  reached  the  last  station  of  the  previous  day  at  6.30  o'clock.  The'  morniug  was 
cold  and  cloudy,  with  a  heavy  mist ;  cool,  northerly  wind.  Everything,  however,  was 
favorable  for  taking  readings,  and  I  made  rapid  progress  until  9.30  o'clock,  when  the 
sun  came  out  very  bright,  driving  away  the  mist.  Soon  after  this,  and  during  the 
remainder  of  the  day,  the  mirage  troubled  me  a  great  deal,  and  the  heat  was  intense. 
About  11.30  o'clock  a  troop  of  about  a  dozen  wild  horses  came  very  near  my  party — so 
near,  in  fact,  as  almost  to  stampede  our  horses.  The  wild  horses  were  very  fleet,  and 
were  not  at  all  curious,  for  they  kept  on  their  course  without  stopping.  They  preseuted 
a  beautiful  sight  as  they  galloped  swiftly  past. 

8cout  Dixon  had  conducted  the  wagon  and  the  portion  of  the  detachment  not  work- 
ing with  me  to  a  point  near  the  head  of  the  Rio  Piedroso,  where  we  camped,  reaching 
this  place  about  3.15  in  the  afternoon.  The  distance  from  the  permanent  camp  was  17 
miles  1,137  yards.  The  country  over  which  we  had  passed  during  the  first  part  of  the 
day,  for  about  14  miles  presented  all  the  characteristics  of  the  Staked  Plain ;  the  re- 
mainder was  gently  rolling,  indicating  the  proximity  of  a  stream.  At  our  camp  we 
found  a  series  of  pools  of  good,  clear  water,  apparently  permanent  springs.  There 
were  a  few  cottonwood  trees,  and  the  grazing  for  the  animals  was  good.  While  my 
dinner  was  being  prepared  I  made  collections  of  botanical  and  entomological  speci- 
mens, which  were  about  the  same  as  those  that  I  had  collected  at  the  permanent 
camp. 

On  the  25th  I  broke  camp  at  daylight  and  left  at  5.20,  taking  nearly  a  northwester] v 
direction ;  the  country  became  more  and  more  hilly,  and  finally  very  mnch  cut  up  with 
deep  arroyas.  We  reached  camp  about  midday,  having  made  10  miles  881  yards.  The 
day  was  cool  and  pleasant',  and  fine  for  working.  Our  camp  was  located  about  a  mile 
above  the  mouth  of  May  Creek,  which  runs  into  the  Canadian.  As  we  neared  the 
Canadian  I  noticed  that  the  hills  were  composed  largely  of  drift,  with  outcroppings  of 
limestone  and  red  and  yellow  sandstone.  Our  camp  on  May  Creek  was  in  a  very 
pretty  little  grove  of  cottonwood.  The  water  here  was  not  very  good,  being  slightly 
alkaline.  After  dinner  I  walked  down  the  creek  to  the  river,  which  I  found  contained 
a  large  flow  of  water,  and  the  bed  was  about  300  yards  wide.  On  the  north  side  of  the 
Canadian  the  bluffs  were  more  abrupt  and  higher  than  on  the  south.  On  the  west 
bank  of  May  Creek,  right  at  its  mouth,  there  is  a  hill  about  60  feet  in  height,  on  the 
top  of  which  I  found  a  space  of  about  12  feet  square,  marked  out  by  stones  ;  it  seemed 
to  be  a  grave,  and  after  digging  and  scraping  around  with  my  sheath-knife  I  fouud 
several  arrow-heads  of  flint.  I  should  like  to  have  investigated  this  further,  but  I  had 
to  return  to  camp  before  darkness  set  in. 

On  this  same  day  Sergeant  Lichtenberg  and  scout  Dixon  went  some  5  miles  up  the 
river,  the  sergeant  making  a  very  accurate  topographical  sketch  accompanying  his 
notes. 

On  the  26th  I  broke  camp  at  daylight.  I  sent  Sergeant  Lichtenberg  with  a  small 
puard  and  the  wagon  back  to  our  camp  of  the  24th.  I  ran  the  stadia  line  about  5} 
miles  down  the  river;  it  consumed  a  great  deal  of  time,  owing  to  the  very  rough 
nature  of  the  ground.  My  last  station  was  on  a  very  high  hill,  near  the  mouth  of 
Muster  Creek  or  the  Arroya  Bonita,  in  the  valley  of  which,  some  3  or  4  miles  distant, 
were  several  large  cottonwood  groves.  On-  the  hills  that  I  this  day  passed  over,  I  re- 
marked the  frequency  of  cedar  trees,  of  a,  rather  stunted  growth;  there  were  some, 
however,  that  attained  considerable  height.  I  suppose  that  the  general  level  of  the 
tops  of  these  hills,  which  were  largely  composed  of  gravel,  was  about  150  feet  above 
the  valley  of  the  Canadian.  A  little  below  the  mouth  of  the  Arroya  Bonita  the  Cana- 
dian makes  a  sharp  turn  toward  the  north,  forming,  I  suppose,  the  Great  Bend.  From 
our  camp  of  the  previous  night  to  this  point  our  course  had  been  nearly  east.  After 
making  a  topographical  sketch  I  assembled  my  party,  and  taking  about  a  southerly 

89B 
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course  over  conn  try  similar  to  that  that  we  had  just  passed  over,  we  arrived  at  oar 
camp  of  the  24th  instant  about  2  o'clock,  having  had  a  very  hard  day's  work. 

On  the  27th  I  broke  camp  at  5  o'clock,  and  reached  the  permanent  camp  on  Red  River 
at  10.30  a.  m.    It  is  a  curious  fact  that  during  the  three  nights,  while  I  was  on  this 
reconnaissance,  we  had  very  heavy  rains,  accompanied  by  thunder  and  lightning,  and 
this  in  a  region  that  has  always  been  thought  to  be  very  dry. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

Thos.  M.  Woodruff, 

Lieutenant  F\fth  Infantry. 
Lieut.  E.  H.  Ruffner, 

Corps  of  Engineers, 

Chief  Engineer  Department  of  the  Missouri, 


METEOROLOGICAL  REPORT. 

As  the  country  to  bo  traversed  was  but  a  rolling  prairie,  and  the  dif- 
ferences in  altitude  were  not  expected  to  be  very  great,  it  was  thought 
a  constant  reference  could  be  made  to  a  barometrical  base  at  Dodge 
City ;  one  of  the  stations  of  the  signal-service  of  the  Army ;  a  point  at 
no  time  more  than  225  miles  distant  from  the  working  parties.  Any 
inaccuracies  arising  from  the  necessary  assumption  that  abnormal 
changes  of  pressure  at  the  one  station  were  probably  equally  experi- 
enced at  the  other,  were  believed  to  be  less  than  would  be  errors  in  the 
determination  of  a  mean  barometrical  reading  for  a  station  occupied 
for  the  short  time  which  could  at  best  be  devoted  for  this  purpose. 
Two  or  three  points  were  to  be  determined  by  several  days'  barometrical 
observations,  and  the  difference  of  altitude  between  these  points  and 
Dodge  City  being  determined  by  this  series,  the  relative  altitudes  of 
neighboring  points  would  probably  be  fairly  accurate. 

In  conducting  the  survey  three  points  in  the  field  were  occupied  long 
enough  to  enable  parties  to  make  surveys  in  various  directions,  thus 
determining  at  the  same  time  with  the  other  work  profiles  of  the  lines 
surveyed.  The  instruments  used  were  a  mountainjbarometer,  No.  392, 
made  by  J.  Green,  of  New  York,  and  two  aneroids  made  by  Cassella, 
and  marked  6  and  C.  The  tube  of  the  mountain  barometer  was 
broken  twice  on  the  trip,  but  the  frequent  comparisons  between  the 
aneroids  and  the  mercurial  during  the  survey,  and  the  comparison  be- 
tween all  of  these  instruments  and  the  barometer  at  the  Dodge  City 
station,  both  going  and  coming,  gave  satisfactory  results,  and  proved 
the  instruments  to  be  good  ones.  I  did  not  have  a  wet-bulb  thermom- 
eter, and  the  observations  for  humidity  are  therefore  wanting.  As  the 
general  character  of  the  country  is  very  nearly  the  same  as  at  the  me- 
teorological base,  it  is  probable  that  but  little  difference  in  the  condition 
of  the  atmosphere  arose  from  this  reason,  and  it  is  certain  that  the 
error  arising  from  the  omissiou  of  the  humidity-terms  is  less  than  that 
which  necessarily  was  introduced  by  the  starting  assumption  of  com- 
paring our  observations  with  the  distant  base. 

HORARY  CURVES. 

i 

Horary  curves  were  determined  wherever  practicable,  and  great  care 
was  taken  that  these  observations  should  be  as  accurate  as  possible. 
The  following  table  of  corrections  is  given,  determined  on  the  dates 
Dote<* 
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Altitude. 


7a.m 

8  a.  m 

9  a.  m 

10  a.  m 

11  a.  m 

1*     m 

1  p.  m 

2  p.  m 

3  p.  m 

4  p.  m 

5  p.  m 

6  p.  m 

7  p.  m v 

8  p.  m 1 

9  p.  m 

10  p.  m 

11  p.  m 

12  a.  m 

1  a.  m 

2  a.  m 

3  a.  m 

4  a.  m 

5  a.  m 

6  a.  m 


r8 

^  a 

.  0 

5s 


;S 


3,479 
feet. 


-.011 
-.040 
-.043 
-.044 
-.044 
-.025 
--.003 
--.006 
--.027 
--.040 
--.044 
--.053 
--.053 
--.033 
--.004 
-.004 
-.015 
-.008 
-.012 
-.009 
-.014 
—.002 
-.023 
-.008 


*  Sot 

—+  O  Z 


2,595 
feet 


-.039 
-.048 
-.039 
-.034 
-.014 
-.005 
+.016 
--.030 
--.031 
--.046 
--.027 
--.026 
--.014 
-.004 
-.033 
-.016 
-.023 
-.011 
+.012 
--.034 
--.047 
--.020 
-.017 
-.029 


H 


2,290 
feet. 


-.076 
-.067 
-.050 
-.032 
-.022 
-.012 
-.004 
--.007 
--.032 
--.060 
--.083 
--.083 
--.059 
--.034 
--.028 
--.020 
--.015 
--.013 
-.010 
-.021 
-.032 
-.033 
-.047 
-.068 


s 

© 
n 


• 


***3 


1.901 
feet. 


-.004 
—.037 
-.055 
-.063 
-.050 
-.026 
-.002 
-.008 
+.014 
--.058 
--.071 
--.074 
--.C88 
--.081 
--.028 


t 


002 
.003 


a 

?a 


-a 


3.106 
feet. 


it? 


t: 


-.035 
.003 
.011 
-.005 
--.002 
--.001 
--.003 
--.011 
--.015 
--.015 
--.019 
--.018 
--.015 
--.011 
--.007 


-.055 


sa 

•3 

a 
o 
« 


3,491 
feet 


.031 
.017 
.023 
.033 
.041 
.022 
.011 
.007 
-.057 
-.050 
-.060 
-.053 
-.040 
-.025 
-.036 


.00 


+.012 


-.023 


A  partial  determination  of  horary  corrections  was  made  at  the  follow 
ing  points: 


*S~ 

•efl 

3 
p.8* 

S3 

00 

a-" 
°&  • 

rap   on 
May  1 

2>T 

«  «  0 

4) 

4»  ► 

A. 

h 

Altitude. 

3567.7 
eet 

3434. 

-.049 
-.059 

—.083 

-.074 

K047 
(-.072 

+  049 
+.034    . 

-.020 

-.007 

—  cak 

—.086 

These  tables  are  prepared  from,  at  best,  but  a  limited  number  of  ob- 
servations, and  should  not  be  considered  as  more  than  approximate.  At 
the  individual  points,  however,  the  determinations  seem  to  have  been 
fairly  accurate,  judging  from  the  closeness  of  the  range.  At  Dodge  City 
the  horary  curve  was  determined  for  April  26  and  27  and  for  June  28 
and  29.    The  mean  of  the  range  between  individual  hourly  results,  as  de- 
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termined  by  the  two  series,  is  0".013  of  the  barometical  scale.  Although 
probably  an  accident,  this  close  agreement  between  results  at  times  two 
months  apart  shows  that  the  values  of  the  corrections  are  probably  safely 
close  in  calculating  the  differences  of  altitude  during  the  intervening 
period.  Five  days'  record  at  Fort  Elliott  and  four  at  the  camp  on  Tule 
Greek  gave  each  as  the  mean  of  the  range  in  the  results  for  determina- 
tion of  individual  hour  corrections  0".019  of  the  scale.  This  close  agree- 
ment is  also  a  satisfactory  evidence  of  probably  equally  accurate  and  close 
results.  These  three  points  have  about  the  same  altitude,  and  are  bat 
a  degree  distant  in  longitude.  We  might  expect,  I  presume,  a  closer 
agreement  between  the  three  curves  than  is  exhibited,  but  I  think  my- 
self that  the  location  of  the  camp  on  Tule  Creek,  being  in  a  canon  1,200 
feet  deep,  with  walls  at  least  4  miles  distant  in  any  direction,  and  thus 
probably  affected  by  rapid  heating  of  the  somewhat  confined  body  of 
air,  probably  presents  causes  for  rapid  and  great  variation  of  the  pres- 
sure not  experienced  by  the  prairie-situations  of  the  other  two  points. 
The  curve  at  Fort  Elliott  was  determined  from  the  mean  of  five  days' 
observations,  excepting  the  corrections  for  the  hours  between  10  p.  m. 
and  5  a.  m.,  which  depend  upon  one  day's  observations  only.  If  we  omit 
these  hours,  we  shall  see  a  close  agreement  between  the  curves  of  this 
place  and  of  Dodge  City.  It  may  not  be  uninteresting  to  compare  the 
table  of  corrections  obtained  by  taking  the  mean  of  these  two  determi- 
nations with  the  table  used  by  Lieutenant  Whipple,  in  his  survey  of  the 
35th  parallel,  (Pacific  Railroad  Eeports,  vol.  iv,  p.  257,)  and  applied  to  the 
barometical  observations  between  camp  32  and  the  Laguna  Colorado, 
essentially  the  same  country. 

The  scale  used  by  Lieutenant  Whipple  was  deduced  from  observations 
at  Washington  and  Philadelphia,  and  modified  to  conform  to  the  sup- 
posed climate. 

The  mean  deduced  by  myself  may  be  considered  as  that  of  seven 
days'  observations  in  May  for  a  point  at  an  altitude  of  2,500  feet,  latitude 
35°  30'  and  longitude  100°  west  from  Greenwich.  The  differences  given 
between  the  two  series  are  obtained  by  subtracting  Lieuteuant  Whipple's 
curve  from  mine. 

TABLE  COMPARING  HORARY  CORRECTIONS. 


Lient.  Whipple, 
1853. 


Lient  Ruffher, 
1876. 


Difference, 


.6a.m 
7  a.m 
8a.  m 
9a.  m 

10  a.  m 

11  a.  m 

12  m... 
1  p.m 
3p,m 
3p.  m 

4  p.m 

5  p.m 
6p.m 
7  p.m 
Pp.  m 
9  p.m 


-.007 
-.020 
-.030 
-.040 
-.050 
-.055 
-.025 
-.005 
--.015 
--.030 
--.045 
--.050 
--.030 
--.020 
+.005 
+.000 


-.018 
-.025 
-.044 
-.041 
-.039 
-.029 
-.015 
--.009 
--.018 
--.029 
--.043 
--.036 
--.039 
--.034 
--.014 
-.014 


-.011 
-.005 
-.014 
-.001 
--.011 
--.026 
--.010 
--.014 
--.003. 
-.001 
-.009 
-.014 
0Q» 
.014 
.009 
-.014 


The  agreement  between  the  two  series  from  and  after  the  12  m.  cor 
rection  is  noticeable.  The  maximum  of  Lieutenant  Whipple's  curve  was 
placed  at  11  a.  m.,  an  assumption  which  later  authorities  have  corrected. 
I  believe  at  most  of  the  interior  stations  of  the  United  States  the  maxi- 
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mum  is  now  given  between  9  and  10  a.  m.,  or  nearly  there.  Of  the  re- 
maining series,  the  oue  at  Mulberry  Creek  is  not  considered  reliable,  as 
the  determination  rests  upon  24  hours' readings  only,  and  the  only  really 
violent  storm  of  the  trip  occurred  there.  The  camp  was  situated  also 
in  a  narrow  canon,  and  I  am  now  inclined  to  believe  such  locations  en- 
tirely unsuitable  for  barometrical  observations. 

Thinking  that  the  elements  used  in  calculating  the  various  horary 
curves  might  be  of  service  in  the  future,  I  have  prepared  the  following 
table,  giving  the  horary  corrections  as  determined  by  each  day's  obser- 
vations, and  following  the  mean  of  the  results  for  each  is  the  mean  of 
the  variations  of  individual  results  from  their  mean. 
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Camp  Supply,  Indian  Territory. 


Hoar. 


May. 

1. 

2. 

3. 

-.019 

+.02lv 

— .  026 

+.035 

+.003 

-.062 

+.032 

+.017 

-.079 

-.004 

—.106 

-.004 

-.112 

—.017 

-.062 

— .  059 

-.040 

—.026 

— .  002 

5a.m....  —.019    +.02lv  +.002 

6a.m —.026  +.035     +.003  +.003 

7  a.m...  -.062  +.032     +.017  -.004 

8a.m —.079     —.004    —.037 

9a.m —.106     —.004    —.055 

l«a.m....  —.112  —.017     -.062  -.063 

11am....  —.059     —.040    —.050 

12ra —.026 -.026 

lp.m —.002    —.002 

Mean  of  range  between  results 


Mean. 


tit 


.020 
.020 
.039 
.042 
.051 
.032 
.009 


Hoar. 


m.. 

m  . 

m... 

m.. 

m.. 

m... 

ra... 

m... 


+.002 
+.034 
+.058 
+.071 
+.074 
+.088 
+.081 
+.084 


May. 


—.004 
+.003 


—.001 


—.022 
+.006 


+.004 


Mean. 


-.008 
+.014 


+.071 
+.074 
+.088 
+.081 
+.028 


m 


009 
003 


035 


±.027 


Permanent  Camp  on  Red  River,  Texas. 


Hoar. 


6a.m... 

7a.  m  ... 

10.27  a.  m. 

2  p.  m ... 

8  p.  m... 

9  p.  m... 
9.27  p.m. 


May. 

Mean. 

m 

8s- 

2L 

28. 

29. 

30. 

31. 

-.044 

+.02 

-.010 

-.067 

-.087 

-.038 

.031 

-.012 

-.046 

+.02 

-.028 

-.077 

-.105 

-.049 

.032 

-.017 

-.041 

-.03 

-.027 

-.185 

-.013 

-.059 

.050 

-.033 

+.002 

.00 

+.054 

+.047 

+.130 

+.047 

.036 

+.017 

+.079 

.00 

+.046 

+.076 

+.157 

+.  072 

.049 

+.042 

+  .041 

-.02 

-.044 

+.021 

+.100 

+.020 

.029 

-.008 

+.045 

-.02 

A 

-.048 

+.006 

+.050 

+.007 

.035 

-.008 

en  reanlt 

±.037 

.016 
.016 
.006 
.020 
.028 
.034 
5«35 


±.022 


I  can  offer  no  explanation  which  can  account  for  the  extreme  range 
in  the  results  at  this  point,  but  that  the  final  results  are  of  value  may 
be  seen  in  the  fact  that  the  probable  error  of  the  final  results  and  of  a 
single  observation  for  the  altitude  of  this  point  deduced  from  compari- 
sons with  the  record  at  Dodge  City  is  almost  the  same  as  the  same 
quantities  deduced  in  the  same  way  for  the  mouth  of  Tnle  Creek,  a  point 
where  the  range  in  the  determination  of  the  horary  corrections  was  only 
half  as  great  as  at  this  camp.  On  the  30th  aud  31st  of  May  great  dis- 
turbance in  the  atmospheric  pressure  is  reported  at  Dodge  City.  If 
these  two  days  are  omitted,  the  corrections  become  very  nearly  the  same 
as  those  obtained  for  the  general  table,  there  being  ouly  au  average  dif- 
ference of  +0.005  inch  between  the  two  series  in  individual  readings. 
I  did  not  feel  justified  in  throwing  out  these  two  days  entirely,  and  they 
are  incorporated  in  the  work  and  included  iu  the  determination  of  the 
altitude. 

Abnormal  and  monthly  variations  are  not  given,  as  the  occupation  of 
any  one  point  was  not  lengthy  enough  to  make  any  proper  deductiou 
therefrom.  The  barometrical  pressure  curve  at  Dodge  City  is  given  for 
the  time  of  the  operations  of  the  survey,  and  also  the  curve  of  pressure 
of  the  barometers  of  the  survey,  reduced  to  the  altitude  of  Dodge  City. 

In  comparing  these  two  curves,  differences  may  arise  from  the  follow- 
ing causes: 

1st.  Errors  of  reading  the  instruments  at  the  two  stations. 

2d.  Imperfections  in  the  instruments  themselves. 

3d.  Atmospheric  changes  affecting  one  station  aud  not  the  other. 

4th.  Errors  in  supposed  differences  of  altitudes  used  iu  reductiou. 

5th.  Errors  in  reduction. 

Assuming  the  personal  and  instrumental  errors  constant,  and  that 
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observations,  if  sufficiently  continuous  at  two  stations,  will  wholly  or 
partially  eliminate  the  errors  from  the  third  source,  comparisons  between 
the  curves  will  give  us  a  means  of  comparing  the  probable  errors  arising 
irom  the  fourth  cause,  and  will  give  us  a  correction  of  more  or  less  value, 
depending  upon  the  length  of  time  of  the  observations  and  the  distance 
betweeu  the  stations.  I  have  found  by  this  means  the  following  cor- 
rections for  the  deduced  altitudes  of  the  principal  points : 


Place. 


Camp  Supply 

Fort  Elliott. 

Red  River  Permanent  Camp 

Tule  Creek 

Ca&onsito  Blanco 


Correction  to 
altitude. 


Feet 

+41.4 

—  6.7 

+10.0 

+20.1 

—60.7 


Probable  error  of  altitude 
aa  deduced  from  obser- 
vation. 


Single  obser- 
vation. 


±51.2 
±22.9 
±37.2 
±37  2 
±58.0 


Final  result 


±15.5 
±5.2 
±  8.1 
±10. 
±16.7 


TABLE  OF  BAROMETRICAL  READINGS  AT  DODGE  CITY,  UNCORRECTED  FOR  ALTITUDE, 
AND  OF  THE  BAROMETRICAL  READINGS  TAKEN  ON  THE  LINE  OF  THE  SURVEY, 
REDUCED  TO  THE  ALTITUDE  OF  DODGE  CITY. 


Date. 

Dodge  City. 
Reduced  to 
32°. 

Line  of  sur- 
vey.       Re- 
duced to  32°. 

Difference. 

Station  occupied  on  survey. 

April  27, 2  p.  m 

27.291 
.405 
.493 
.411 
.377 

'  .360 
.240 
.227 
.144 
.107 
.114 
.374 
.493 
.636 
.721 
.598 
.439 
.205 

26.985 
.917 

V7.067 
.169 
.212 
.227 
.147 
.158 
.033 
.084 
.272 
.449 
.425 
.515 
.478- 
.501 
.538 
.507 
.395 
.390 
.385 
.355 
.299 
.301 
.373 
.473 

27.282 
.4b2 
.451 
.408 
.343 
.267 
.238 
.133 
.073 
.027 
.047 
.207 
.462 
.587 
.717 
.637 
.497 
.292 
.011 

26.  875 
.875 

27.169 
.207 
.196 
.155 
.167 

26. 986 

27. 076 
.276 
.436 
.456 
.571 
.526 
.491 
.546 
.546 
.446 
.446 
.436 
.346 
.3<6 
.376 

-.009 
+.057 
-.042 
-.003 
-.044 
-.093 
-.002 
-.094 
-.071 
-.080 
—  067 
-.167 
-.031 
-.049 
-.004 

On  the  road. 
Bluff  Creek. 
On  the  road. 
Redonbt  Creek. 

Do. 
On  the  road. 

Do. 
Sand  Creek. 

Do. 
Camp  Supply. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Wolf  Creek. 

Do. 

Do. 
On  the  road. 

South  Commission  Creek. 
On  the  road. 

Do. 
WaehiU  River. 
On  the  road. 
Fort  Elliott,  Texas. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Old  Cantonmert. 

9p.m 

April  28,  7  a.  m 

2  p.  m 

9  p.  m '..... 

April  29,  7  a.  m 

2  p.  m 

9  p.  m 

April  30, 7  a.  m 

2  p.  m  

9  p.  m 

May      l,7tt.m.,r. 

2  p.  m 

9  p.  m 

May     2, 7  a.  m 

2  p.  in 

k039 
-.058 
-.087 
-.026 

9  p.  in 

May     3, 7  a.  m 

9  p.  m 

-.042 
-.192 
000 
-.005 
-.  031 
-+.008 
+-.009 
-.047 
-.008 
+.004 
-.013 
+-.031 
+.056 
+.048 
-.010 
+..008 

May     4, 7  a.  m ..... . 

2  p.  m 

9  p.  m 

May     5, 7  a.  m .....  T 

2  p.  in 

«J  P*  UA  ........... 

2  p.  m 

9  p.  m 

Mav     7, 7  a.  m  ,....., T  T . 

2p.m 

9  p.  m 

May      8,  7  a.  m ...  T 

9  p.  m - . 

May     9, 7  a.  m 

-.039 
-.  051 
-.056 
-.  051 

2  p.  m 

9  p.  m 

May   lfl.  7  a.  m  . . . , 

2 p.  ni 

-.009 
4-.  047 
-f.075 

9p.  m. .......... 

May   11, 7  a.  m 

2  p.  m 

.382 

-.091 
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Table  of  barometrical  readings  at  Dodge  City,  $o. — Continued. 


Date. 


May  12, 7  a.  m. 
2p.m. 
9p.m. 

Hay    13.7a.rn 

.     2p.m 

9  p.m. 

Hay  14,7  a.m. 
2  p.m. 
9  p.  m. 

Hay  15,7  a.m. 
2  p.m. 
9  p.  m 

Hay  16,7a.m 
2  p.m. 
9  p.  m. 

Hay  17, 7a.m 
2p.  m 
9  p.  m 

Hay  18, 7  a.  m 
2p.m 
9 p.  m. 

Hay  19, 7  a.  m 
2p.  m 
9  p.  m 

Hay  20,7a.m 
2p.m 
9"  p.  m 

Hay  21, 7a.m 
2  p.  m 
9  p.  m 

Hay  22,7a.m 
2  p.  m 
9  p.  m 

Hay  23, 7  ft.  m 
2  p.  m 
9  p.  m 

Hay  24, 7  a.  m 
2  p.  m 
9  p.  m 

Hay  25, 7  a.  m 
2  p.  m 
9p.m 

Hay  26,7a.m 
2  p.  m 
9  p.  m 

Hay  27, 7  a.  m 
2  p.  m 
9  p.  m 

Hay  28,7a.m 
ftp.  m 
9  p.  m 

Hay  29.7a.rn 
2  p.  m 
9  p.  m 

Hay  30, 7  a.  m 
2p.ni 
9p.m 

Hay  31, 7  a.  ra 
2  p.  m 
9  p.  m 

Jqd6  1, 7  a.  m 
2  p.  m 
9  p.  m 

Jane  2, 7  a.  m 
2  p.  m 
9  p.  m 

Jane  3, 7  a.  m 
2p.m 
9p.  m 

Jane  4, 7  a.  m 
2p.m 
9  p.  m 

Jane  5, 7  a.  m 
2  p.  m 
9  p.  m 

Jane  6, 7  a.  m 
2p.m 
9  p.  m 

Jane    7, 7  a.  m 


Dodge  City. 
Rednoedto 
32°. 


27.612 
.523 
.478 
.420 
.346 
.311* 
.206 
.130 
.095 
.073 
.071 
.221 
.429 
.392 
.336 
.351 
.278 
.230 
.250 
.185 
.162 
.303 
.279 
.261 
.274 
.248 
.238 
.233 
.199 
.194 
.213 
.157 
.395 
.504 
.505 
.558 
.599 
.569 
.599 
.557 
.500 
.466 
.503 
.453 
.430 
.441 
.387 
.367 
.320 
.249 
.292 
.263 
.212 
.203 
.123 

26.949 
.886 
.814 
.751 
.866 

27.189 
.151 
.181 
.244 
.306 
.455 
.563 
.551 
.547 
.569 
.488 
.486 
.494 
.408 
.393 
.319 
.208 
.136 
.039 


Line  of  sur- 
vey.  Re- 
duced to  32°. 


27.607 
.557 

.487 


.330 
.189 
.174 
.139 
.129 
.229 
.169 
.430 
.334 
.399 
.352 
.401 
.316 
.260 
.178 
.278 
.333 
.313 
.353 
.300 
.237 
.222 
.277 
.207 
.147 
.202 
.187 


.437 
.372 


.527 
.510 
.590 
.610 
.611 
.631 
.651 
.671 
.611 


.297 
.287 
.287 
.307 
.327 
.307 
.167 
.207 
.097 

26.892 
.832 
.847 
.702 
.847 

27.112 
.062 


.032 
.131 


.461 
.531 
.551 
.591 
.551 
.531 
.644 
.590 
.517 
.531 
.370 
.372 
.224 


Difference. 


t 


005 

034 

.009 


+.019 
-.017 
+.044 
--.044 
--.056 
--.158 
-.055 
+.00 1 
-.058 
-.063 
001 
+.123 
.086 
.010 
.007 
.116 
.030 
.034 
.092 
.026 
-.011 
-.016 
+.044 
+.008 
-.047 
-.011 
+.030 


-.067 
-.133 


-.072 
-.059 


--.053 
--.111 
--.165 
--.148 
--.218 
--.181 


-.090 
-.080 
-.033 
+.058 
+.035 
+.044 
-.045 
+.004 
-.026 
-.057 
-.054 
+.033 
-.049 
-.019 
-.077 
-.089 


-.212 
-.175 


.102 
.021 
-.004 
-.022 
-.063 
-.045 
-.150 
-.182 
-.124 
-.212 
,062 
-.236 
-.185 


Station  occupied  on  survey. 


Old  cantonment. 
Do. 
Do. 


Big  Springs. 
On  the  road. 
McClellan  Creek. 

Do. 

Do. 

Do. 

Do. 
On  the  road. 
Salt  Pork. 

Do. 
On  the  road. 
Mulberry  Creek. 

Do. 
On  the  road. 
Bed  River,  first  camp. 

Do. 

Do. 

Do. 

Da 
On  the  road. 
Red  River,  permanent  camp. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Red  River,  permanent  camp. 
Do. 

Red  River,  permanent  camp. 
Palo  Daro  First. 

Palo  Daro  First 
Palo  Daro  Second. 

Do. 

Do. 

Do. 

Do. 

Red  River,  permanent  camp. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Red  River,  permanent  camp. 
Cafioncito  Blanco. 

Can  on  ci  to  Blanco. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
On  the  road. 
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Table  of  barometrical  readings  at  Dodge  City,  $c. — Continued. 


Date. 

Dodge  City. 
Reduced  to 
32°. 

Line  of  sar- 
vey.    Re- 
duced to  32°. 

Difference. 

Station  occupied  on  surrey. 

Jane    7, 2  p.  no 

.091 
.802 
.339 
.354 
.312 
27.272 
.115 
.067 
.111 
.195 
.323 
.420 
.374 
.405 
.656 
.610 
.565 
.532 
.465 
.450 
.442 
.373 
.  366 
.410 
.348 
.457 
.512 
.416 
.432 
.465 
.466 
.474 
.471 
.409 
.409 
.428 
.371 
.356 
.335 
.270 
.259 
.826 
.188 
.823 
.294 
.257 
.351 
.397 
.355 
.352 
.346 
.878 
.822 
.216 
.182 
.189 
.819 
.193 
.844 
.335 
.330 
.396 
.484 
.506 
.521 

.174 
.319 
.324 
.330 
.351 
27.306 
.141 
.072 
.145 
.111 
.254 
.326 
.366 
.353 
.596 
.562 
.568 

1 
-f .  083  |  Camp  Cent 

9am 

-L 117              Do. 

Jane    8,7  a. m 

-.115 
-.024 
-.039 

On  the  road. 

2  p.  ra 

Tale  Creek. 

9  d.  m 

Do. 

June    9, 7  a.  m 

K034 
-.026 
-.005 
-034 

Do. 

9  p.  m 

Do. 
Do. 

Jane  10, 7  a.  m 

Do. 

2  p.  m 

-.084 
-.069 
-.094 
-.008 
-.051 
-.060 
—.048 
+.003 

Do. 

9  p.  m 

Do. 

Jane  11, 7a.ni 

Do. 

2  p.  m 

Do. 

9  p.  m 

Do. 

Jane  12, 7  a.  m 

Do. 

2  p.  ra 

Do. 

Do. 

Jane  13, 7a.m 

2  p.  ra 

.475 
.466 
.437 
.432 
.452 
.479 
.423 
.460 

4-.  010 
4-016 
-.005 
—  059 

Battle  Creek. 

9  p.  m 

Do. 

Jane  14, 7a.ni 

On  the  road. 

2  p.  m 

D  Company  Creek. 
Do. 

9p.m 

-.086 
-.069 
-.075 
U.0O3 

Jane  15, 7a.m 

Da 

2  p.  ra 

Da 

9  p.  m 

Da 

2p.  m 

.458 
.472 
.547 
.495 
.534 
.586 

+.042 
4-.  039 
+.082 
4-.  029 
+.060 
4-.  115 

Mulberry  Creek. 
Da 

9p.m 

Jnne  174  7  a.  m 

Da 

2p.m... 

Da 

Da 

Jane  18, 7  %,  m 

Do. 

.566 
.327 
.428 

+.057 
-.101 
-.057 

Da 

June  19  7  a.  m. ... 

On  the  road. 

2  p.  m 

Whiteflsh  Creek. 

Jane  20,7  a.  m 

.387 
.310 
.891 
.328 

-.052 
-.040 
-.032 
-.102 

On  the  road. 

McClellan  Creek. 

9  p.  m 

Do. 

Jane  21, 7  a.  m 

On  the  road. 

2  p.  TO 

9  p.  in 

.114 
.149 
.067 

-.109 
-.145 
-.190 

Fort  Elliott 

Jnn«  22, 7  a.  m 

Do. 

2  p.  m 

Do. 

Jane  23,7a.  m 

.871 
.166 

-.126 
-.169 

Da 

2  p.  m 

Canadian  River. 

9p.m 

Jane  24, 7a.m 

On  the  road. 

2  p.  m 

.089 

-.199 

Willow  Spring. 

Jane  25, 7  a.  m 

.120 
.052 
.087 
.134 
.126 
.113 
.271 
.312 
.372 

-.096 
-.130 
-.102 
—.085 
-.067 
-.131 
-.064 
-.018 
-.024 

Wolf  Creek. 

2  p.  in 

Camp  Supply. 
Do. 

9p.ni 

Jane  26, 7  a.  m 

Da 

2p.  m 

On  the  road. 

9p.m 

Cimarron  River. 

Jane  27,7a. m 

On  the  road. 

2p.m 

Bluff  Creek. 

9  p.  TO 

Do. 

Jane  28, 7  a.  m 

DodrcCity. 

9p.m 

Mean  barometric  reading  at  Dodge  City,  196  readings  =  27". 

v  =  Diff.  reading,  Dodge  City  and  line  of  survey. 

m  =»  Number  of  observations  =  167. 

It>  11.680 

r  =0.8453^—  (w>  _u     =0.8453    y^^j^     -  ±.0".059. 
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This  may  be  considered  as  showing  the  general  conditions  of  accuracy 
of  the  barometrical  determinations  daring  the  survey  inasmuch  as  all 
the  errors  enumerated  above  have  been  here  considered,  and  the  result- 
ing probable  error  reduced  to  feet=  ±  56.5  feet  may  be  useful  in  the 
comparison  with  other  and  similar  series. 

In  preparing  the  following  general  table  of  altitudes  the  principal 
points  occupied  are  referred  to,  and  in  the  determinations  the  probable 
errors  are  calculated  from  the  range  in  the  various  results.  The  accu- 
racy of  such  comparison  is  doubtful  and  the  formula  should  be  applied 
to  weighted  observations,  wherein  the  distance  between  the  stations 
should  enter.  Some  function  indicating  the  amount  of  abnormal  atmos- 
pheric disturbance  should  also  enter,  as  is  plainly  indicated  in  the  re- 
sults of  the  determination  at  Gamp  Supply.  As  it  is,  however,  the 
probable  errors  serve  somewhat  for  comparison  of  the  accuracy  of  re- 
sults. The  altitude  of  Dodge  City  was  taken  from  the  report  of  the 
Chief  Signal  Officer  of  the  Army  for  1876.  The  mean  of  the  barometric 
observations  at  that  point  for  the  period  in  question  gives  a  slightly 
different  result.  The  column  of  No.  of  observations  used,  sometimes  in- 
cludes the  mean  of  two  barometers  and  at  others  of  three.  The  profile 
of  Tnle  Creek  and  of  the  Palo  Duro  and  Tierra  Blanca  were  obtained  by 
using  one  barometer  on  the  road,  and  comparing  its  record  with  that  of 
one  left  at  one  of  the  camps  occupied  for  a  longer  period. 
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The  line  of  profile  here  given  crossed  that  of  Lieutenant  Whipple, 
Topographical  Engineers,  on  his  survey  of  the  thirty-fifth  parallel  in 
1853-'54,  near  his  camp  No.  36,  on  the  Canadian  River.  His  camp  was 
higher  up  than  my  crossing,  and  was  on  the  south  side  of  the  river, 
mine  being  on  the  north.  The  two  camps  were  probably  only  a  few 
miles  apart  in  distance. 

Feet 

Lieutenant  Whipple's  altitude  of  his  camp  No.  36  is  given  at 2, 162. 6 

The  crossing  of  the  Canadian  given  in  my  table  is 2,402.0 

Difference 239.4 

The  line  run  to  the  Canadian  River  from  my  permanent  camp  on  Bed 
River  touched  Lieutenant  Whipple's  line  again  near  his  camp  No.  43, 
and  the  altitudes  are  as  follows : 

Feet 

Lieutenant  Whipple's  altitude  of  his  camp  No.  43 3,264.6 

Camp  on  Canadian  River,  May  25,  1876 3,234.0 

Difference 30.6 

The  barometrical  readings  given  in  the  report  of  Marcy  and  McOlel- 
lan  on  the  survey  of  the  Red  River  of  Texas  in  1852  are  not  at  all  simi- 
lar to  mine,  and,  as  his  altitudes  are  not  calculated,  I  am  unable  to  sug- 
gest the  possible  reasons  for  this  difference. 


BOTANY. 

The  following  list  of  plants  collected  during  the  survey  is  necessarily 
an  imperfect  catalogue  of  the  flora  of  the  country.  The  collection  was 
made  by  persons  unfamiliar  with  botany,  and  generally  at  the  close  of  a 
hard  day's  work,  when  the  leisure  hours  of  camp  were  utilized  in  part 
by  gatheringspecimens  of  plants  at  thattime  in  bloom.  Besides  the  num- 
bers of  individuals  not  yet  in  bloom,  and  therefore  not  reported,  there 
were  of  necessity  thus  omitted  in  the  list  the  names  of  all  trees,  ferns, 
and  all  non  flowering  plants.  The  list  is  therefore  submitted  merely  for 
what  it  is  worth  of  itself. 

Upon  reaching  Fort  Leavenworth,  Kansas,  the  collection  was  placed 
in  the  hands  of  Dr.  T.  E.  Wilcox,  Assistant  Surgeon,  U.  8.  A.,  who 
kindly  offered  his  services.  The  classification  has  been  prepared  by  him, 
and  through  the  kind  assistance  of  Professor  Wood,  to  whom  all  speci- 
mens not  recognized  were  submitted,  the  list  was  completed,  and  Pro- 
fessor Wood's  name  will  be  fouqjd  as  the  authority  in  these  cases.  The 
list  may  be  considered  as  almost  exclusively  one  of  the  flora  of  the 
Staked  Plains  of  Northern  Texas. 

CATALOGUE    OP  PLANTS  COLLECTED  IN   NORTHWE8T    TEXAS,  NEAR    THE    HEADWATERS 
OF  RED  RIVER,  BY  FIRST  LIEUT.  E.  H.  RUFFNKR,  U.  S.  ENGINEERS. 

KANUNCULACE^. 

Anemone  Caroliniana,  Watt ;  Torr.  and  Gr.,  Fl.  1,  p.  12. 
Delphinium  Azureum,  Mich® ;  Torr.  and  Gr.,  Fl.  1,  p.  32. 
Ranunculus  aquatilis,  Wood. 

PAPAVERACEJE. 

Argemone  Mexicana,  Linn. ;  Torr.  and  Gr.,  Fl.  1,  p.  61. 
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CRUCIFER^E. 
Yesicaria. 

V.  Ludovlciana,  D.  C. 

r.  Angustifolia,  Nutt.;  in  Torr.  and  Gr.,  Fl.  1,  p.  101.    Gray,  PI.  Lindh.,  p.  145. 
Nasturtium  dinuatum,  Wood. 

PORTULACACEjE. 
Talinum  Teretifolium,  Pursh.  Fl.  2,  p.  365.    Gray,  Gen.  111.,  t.  98. 

MALVACEAE. 

Malvastrum  Coccineum,  Gray,  Gen.  111.,  1. 121,  pi.  Fendl.,  p.  24. 

Afalva  coocinea,  Nutt. 

Sida  coccinea,  D.  C,  Torr.  and  Gray,  Fl.  1,  p.  235. 

Callirrho'e  involuarato,  Gray,  PI.  Fendl.,  p.  15,  and  Gen.  111.,  t.  117. 

Malva  itivolucrata,  Torr.  and  Gray,  Fl.,  p.  226. 

C.  digitata,  Nutt.,  in  Jour.  Acad.  Phil.  2,  p,  181 ;  Gray,  1.  c. 

C.  Pedata. 

LINACE^. 

Linum  Berlandieri,  HookJBrt.  Mag.,  t.  3480;  Engelm.,  in  Gray,  PI.  Wright  2,  p.  25. 

OXALIDACEJE. 

Oxalis  Yiolacea,  Linn ;  Torr.  and  Gray,  Fl.  1,  p.  211. 
O,  Stricta,  Linn ;  Torr.  and  Gr.,  Fl.  1,  c. 

ANACARDIACEiE. 

Bhus  Trilobata,  Nutt.  in  Torr.  and  Gr.,  Fl.  1,  p.  218  ;•  Gray,  FL  Fendl.,  p.  28. 
B.  Toxicodendron,  Linn. ;  Torr.  and  Gray,  1  c. 

VITACE^. 
Yitis  Rupertis,  Sheele  in  Linn  sea,  21,  p.  591 ;  Gray,  PI.  Lindh.  2,  p.  165. 

SAPINDACEJE. 
Sapindus  Marginatus,  Willd. ;  Torr.  and  Gr.,  Fl.  1,  p.  255;  Gray,  Gen.  111.  2, 1. 180. 

POLYGALACE^. 

Polygala  Alba,  Nutt.,  Gen.  2,  p.  87;  Gray,  PI.  Wright  1,  p.  38;  P.  Beyrichii,  Torr.  and 
Gray,  Fl.  1,  p.  670. 

KRAMERIACEJ3. 

Krameria  lanceolata,  Wood. 

LEGUMINOS^i. 

Tephrosia  Virginiana,  Pera. ;  Torr.  and  Gr.,  Fl.  1,  p.  295. 

Glycyrrhiza  Lepidota,  Nutt., Gen.  2,  p.  106 ;  Torr.  and  GrM  Fl.  1,  p.  298. 

Psoralea 

P.  Tenui folia. 

Dalea.  v 

D.  Formosa* 

D.  laxiflora,  Ph.,  Wood. 

Sophora  sericea,  Wood. 

Petalostemon  Violaceus,  Michx.,  Fl.  2,  p.  50,  t.  37,  f.  2;  Torr.  and  Gray,  Fl.  1,  p.  310. 

Petalo8temon  Gracile.  Nutt.,  in  Jour.  Acad.,  Phil.  7,  p.  92 ;  Torr.  and  Gray,  Fl.  1,  p.  309* 

Amorpha  Canescens,  Nutt,  Gen.  2f  p.  29 ;  Torr.  and  Gray,  Fl.  1,  p.  306. 

Astragalus  Kuttallianus,  D.  C,  Prodr.  2,  p.  289;  Torr.  and  Gr.  2,  p.  234. 

A.  Caryocarpus,  Ker.  Brt.  Reg.,  1. 176 ;  Torr.  and  Gr.,  Fl.  1,  p.  231. 

A.  Gracilis. 

Bapiisia  Australia,  R.  Br. ;  Torr.  and  Gr.,  Fl.  1,  p.  385. 

B.  Leucophaea,  Nutt.,  Gen.  1,  p.  282;  Torr.  and  Gr.  1.  c. 
Desmantkus  brachylobtts. 

Mimosa  fragrans,  Wood. 

Eofmanseggia  Jamesii,  Torr.  and  Gr.,  Fl.  1,  p.  293 ;  Gray,  PI.  Lindh.  2,  p.  178, 
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ROSACEA. 

Sangu'worba  Annua,  Nntt.  in  Torr.  and  Gray,  Fl.  1,  p.  429. 
Pottrium  Annum,  Hook.,  Fl.  Bot.  Am.  1,  p.  198. 
Rosa  Blanda,  Wood. 

ONAGRACE.E. 

Oenothera  Rhombipetala,  Nutt.  in   Torr.  and  Gr.,  Fl.  1,  p.  493 ;  Kunze,  in  Linnsea.,  20, 

p.  57. 
(E.  Sinuata,  Linn.;  Torr.  and  Gray,  Fl.  1,  p.  294. 

<E.  Speciosa,  Nntt.  in  Jour.  Acad.  Phil.  2,  p.  119 ;  Torr.  and  Gray,  Fl.  1.  c. 
(E.  Lavaudulwfolia,  Torr.  and  Gr.,  Fl.  1,  p.  501;  Hooker's  Lond.  Jour.  Brt.  6,  p.  223; 

Gray,  PI.  Wright,  1,  p.  72. 
(E.  Scrrulata,  Nntt.,  Gen.,  1,  p.  246  ;  Torr.  and  Gray,  Fl.  1,  p.  501. 
B.  Oblongifolia,  Wood. 

Gaura  Coccinea,  Nutt.,  Gen.  1,  249 ;  Torr.  and  Gray,  Fl.  1,  p.  518. 
G.  Villosa,  Torr.,  Amer.  Lye.,  New  York,  p.  200;  Ton*,  and  Gray,  Fl.  1,  p.  518 ;  Gray, 

PI.  Wright  1,  p.  73. 
(Enothera  Canisceus,  Torr.,  Wood. 
(Enothera  Missouriensis,  Wood. 
(E.  Hariwegii,  Ben  tie.,  Wood. 
Gaura  Sinuata,  Nutt.,  Wood. 
G.  Parviflora,  Wood. 

COMPOSITE. 

Solidago  Odora,  Nutt. ;  Torr.  and  Gr.,  Fl.  2,  219. 

S.  Misaourienaw,  Nntt.  in  Jour.  Acad.  Phil.  7,  p.  32,  and  Trans.  Amer.  Phil.  Soc.  (n.  ser.) 

7,  p.  327  ;  Torr.  &  Gr.,  Fl.  2,  p.  222. 
Artemisia  fili folia,  Torr.  in  Amer.  Lye,  N.  York,  2,  p.  211 ;  Torr.  and  Gr.,  Fl.  2,  p.  417. 
Achillea  Millefolium,  Linn. ;  Torr.  and  Gray,  Fl.  2,  p.  409. 
Eiddellia  Tagetina,  Nntt.  1.  c,  p.  371 ;  Torr.  and  Gr.,  Fl.  2,  p.  362;  Torr.  in  Emory's 

Rep.,  t.  5 ;  Gray,  PI.  Fendl.,  p.  93. 
hudbeekia  Hirta,  Linn.:  Torr.  and  Gr.,  Fl.  2,  p.  307. 
Echinacea  Anguslifolia,  D.  C,  Prodr.  5,  p.  554  ;  Torr.  and  Gr.,  Fl.  2,  p.  306. 
Lepachys  Cotumnari8f  Torr.  and  Gr.,  Fl.  2,  p.  315. 
Rudbeckia  Columnaris,  Pursh.,  Fl.  2,  p.  575. 
Helianthus  Petiolaris,  Nutt.  in  Jour.  Phil.  2,  p.  115;    Sweet  Bril.,  Fl.  Gard.  (n.  ser.) 

t.  75. 
Gaillardia  Pulchella,  Foug ;  D.  C,  Prodr,  5,  p.  652;  Torr.  and  Gray,  F1.2,  p.  366. 
Englemannia  Pinnatifida,  Torr.  and  Gray, in  Nutt.. Trans.  Am.  Phil.  Soc.  (u.  ser.)  7,  p.  433 ; 

Fl.  2,  p.  233. 
Crepis  Rnncinata,  T.  &  G. 

Thilespirunum  gracile,  Gray ;  Coamidium,  T.  &  G. 
Hellitnium  tenuifolium,  N.  (but  the  lower  leaves  are  not  entire,) 
Lygodesmia  juncea,  Don.  * 

Melampodium  Cinereum,  D.  C,  Prodr,  5,  p.  518 ;  Gray,  Fl.  Fendl.,  p.  78. 
M.ramosissimum,  D.  C.  1.  c. ;  T.  &  G.,  Fl.  2,  p.  271.    M.  leucanthum,  Torr.  &  Gr.,  1.  c 
Centaurea  Americana,  Nutt.  in  Jour.  Acad.  Phil.  2,  p.  117;  Bart.,  Fl.  Amer.  Sept.,  t.  50 ; 

Torr.  &  Gr.,  Fl.  2,  p.  453. 
Cirsium  Undulalum,  Spreng. ;  Torr.  and  Gray,  FL  2,  p.  456. 
Aplopappus  Hookerianw,  Wood. 
Kplopappun  Spinulosis,  Wood. 
Hymenopappm  Tenuifolius,  Wood. 
Towmendia  Strigosa,  Wood. 
Co8midium  Gracilct  Wood. 
Pyrrhopappus  Grandiflorus,  Wood. 
Melampodium  Cinerinm,  Wood. 
JBerlandiera  Incisa,  Wood. 
Eclimacea  Angustifolia,  Wood, 
Erigiron  tumey  Wood. 
E.  radicatnm,  Hook,  Wood. 
Actinella  linuariifolia,  Wood. 
Lygodesmia  aphylla,  Wood. 
Chrysopsisvillosa,  Wood. 

Aplopappus  rabiginosus,  T.  &  G.    This  plant  agrees  well   in  all  respects  with  descrip- 
tions, but  the  rays  are  tinned  with  blue.    They  should  be  yellow*     What  does  it 

mean  f    Wood. 
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GENTIANACEiE. 

Erythraoa  Beyrichi,  Torr.  and  Gr.    Fl.  2,  ined. 

APOCYNACEJ3. 

Apocynum  Canabinum,  Linn. ;  Hook.    Fl.  Bar.  Amer. ;  2,  p.  51, 1. 139. 
A.  hypericifolium,  Wood. 

ASCLEPIADACEJ3. 

Asclepiae  Spechsa,  Torr.  in  Ann.  Lye,  2,  p.  218,  and  in  Fremont's  first  rep.,  p.  95. 
Asclepias  tuberosa,  Wood. 

CHENOPODIAC1LE. 
Monolepia  chenopodioides,  Mog.    B.  trtfolia,  Wood. 

CONVOLVULACE^J. 

Evolvuus  Piloeus,  Nntt.  Gen.  p.  174,  (as  a  synonym ;)  Trans.  Amer.  Phil.  Soc.  (n.  ser.)  5, 

p.  195. 
Convolvulus  Zobatus,  Engelm.  and  Gray,  1  PI.  Lindh.  p.  44,  (in  a  note.) 
C.  haetatus,  Nutt.  in  Trans.  Amer.  Phil.  Soc.  (n.  ser.)  5,  p.  194,  not  of  Thumb. 
C.  Nuttallii,  Torr.  in  Emory's  Rep.,  p.  149. 
Ipomea  leptophylla,  Torr. ;  Wood. 

SOLANACE^J. 

Pkyeali*  Pumila,  Nntt.  in  Trans.  Amer.  Phil.  Soc.  (n.  ser.)  5,  p.  193. 
Solatium  Mexicanum,  Wood. 
Phyealie  lobata,  Torr.  Wood. 

RHAMNE.E. 

Ceanoihua  Amcricanus,  Wood. 
C.  OvalU,  Wood. 

SCROPHULARIACEJS. 

Pentstemon  acuminata*,  Dong. ;  Wood. 
Veronica  Peregina,  L. ;  Wooa. 
Pentstemon  Cceruleus,  Wood. 

ACANTHACBLE. 

Buellia  etripens,  Wood. 

LABIATE. 

Monarda  Aristata,  Nntt.  in  Trans.  Amer.  Soo.(n.  ser.)  5,  p.  186.    Benth.  in  D.  C.  Prodr. 

12,  p.  363. 
Scutellaria  Besinoea,  Torr.  in  Ann.  Lyo.  N.  York,  2.  p.  232.    Benth.  in  D.  C.  Prodr.  12, 

p.  427. 

VERBENACEAE. 

Lippbct  Cundfolia,  Torr.,  in  Ann.  Lyo.  N.  York,  2  p.  234. 

Lippia  lanceolata,  Wood. 

Verbena  Bipinnatifida,  Engelm.  and  Gray,  PI.  Lindh.  i,  p.  49;  Shauer,  D.  C,  Prodr.  ii,  p. 

553. 
Verbena  erinoidee.  Wood. 

BORAGINACE.E. 

Eritrichium  Jamerii,  Myosotis  euffrutiooea,  Torr.,  in  Amer.  Lyo.  N.  York,  2,  p.  225,  D.  C. 

Prodr.  10,  p.  114. 
Phacelia  integrifolia,  Torr. 
Echinospermum  Lappula,  Wood. 
Lithoepermum  longiflorum,  Wood. 

CUPULIFERJ3. 

Quercue  Vndulata,  Torr.,  in  Ann.  Lyo.  2,  p.  248,  t.  4. 
90  E 
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GNETACEJ3. 
Ephedra  antiaiphilitica,  Meyer,  (without  flowers  or  fruit,)  Wood. 

CONIFERS. 

Juniperua  Virgitiiana,  Lin.,  Michx.  f.  Sylv.  2,  p.  353, 1. 155;  Torr.,  Fl.,  N.  York,  2,  p. 
235. 

COMMELYNACE.E. 

Tradeacantia  Virginica,  Linn.,  Brt.  Mag.,  t.  105,  Bart.  I,  o.  1. 141.    Kunth.  Enam.  4,  p.  SI. 
Torr.  Fl.,  N.  York,  2,  p.  333. 

IRIDACEJE. 

Sisyrinchium  Bermudianum,  Linn.,  Torr.,  Fl.,  N.  York,  2,  p.  290. 
Xemastylti  acuta. 

LILIACE^J. 

Allium  reticulatum. 

CYPERACE^J. 

Carex  Muhlenbergii,  8chk.  Car.  2,  p.  12,  f.  178.    Schwein  and  Torr.  Car.,  p.  304.   Ton*. 

Fl.,  N.  York,  2,  p.  394. 
Carex  lanuginosa,  Wood. 

Carex  ditjuncta,  Wood,  allied  to  C.  conjuncta,  Boott. 
Scirpus  pungens,  Wood. 
Eleocharia  olivacea,  Wood. 

EQUISETACEJB. 

Equisetum  Hyemale,  Linn.  Pareh.,  Fl.  2,  p.  652.    Forr.,  Fl.,  N.  York,  2,  p.  482. 
Equisetum  Lecigatum,  Wood. 

FILICES. 
Adiantum  Capillua  Veneris,  Wood. 

GRAMINEJS. 

Uniola  Latifolia,  Michx.  Fl.  1,  p.  71.    Ell.  8k.  1,  p.  167     Kanth.  Enum.  1,  p.  425. 

Poa  Andina,  (an  imperfect  specimen,)  Wood. 

Poa  Michauxii,  Kanth.,  Wood. 

Hordeum  jubatum,  Wood. 

Triticum  repens,  L.  (f  No  root  or  leaves,)  Wood 

Poa  Compreaaa,  Wood. 

Andropagon  argenteum,  Wood. 

Festuca  tenella,  Wood. 

Ariatida  purpurea,  Wood. 

Eaionia  obtuaata,  Gr.,  Wood. 

Tricuapia  acuminata,  Moma.,  Wood. 

Elymua  Sitanion,  Schntt.,  Wood. 

Elymua  Virginicue  B.  vaginatua,  a  dwarf  form  3-6  feet  high  spike9  sheathed,  Wood. 

NYCTAGINACE^. 

Allionia  incarnata,  L. 

Oxybaphua  anguatifoliua,  Sweet.,  Wood. 

POLEMONIACE-E. 

GiWa  filifolia,  Nutt. 

PLANTAGENACE^J. 

Plantago  Patagonica,  Torr. 

Stenoaiphon  virgatua  f  • 
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REPORT  OP  LIEUTENANT  THOMAS  M.  WOODRUFF,  FIFTH  INFANTRY. 

Fort  Leavenworth,  Kansas,  February  1, 1877. 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the  insects  collected  by  me 
dnring  the  exploration  and  survey  of  the  headwaters  of  the  Red  River  of  Texas,  in  1876  : 

My  implements  were  very  incomplete,  and  those  I  had  were  hurriedly  constructed. 
They  consisted  of  three  nets  which  could  be  fastened  to  the  end  of  a  long  pole,  a  couple 
of  killing  boxes,  and  two  collecting  boxes.  These  boxes  were  tin  baking-powder  boxes 
of  different  sizes.  I  also  had  two  sets  of  trays  or  drawers,  sixteen  dozen  pill-boxes  in 
nests,  raw  cotton,  long  sharp-pointed  pins,  some  glass  bottles,  and  a  pair  of  steel  pliers. 
For  killing  and  preserving  the  specimens,  I  used  cyanide  of  potassium,  chloroform, 
arsenic  in  solution,  and  alcohol.  As  far  as  my  limited  knowledge  extended,  I  arranged 
the  specimens  under  their  general  classes,  and  in  every  case  I  gave  date  and  locality  of 
capture.  In  doing  the  former,  I  was  guided  by  Dr.  A.  S.  Packard's  pamphlets  on  tbe 
directions  for  collecting  and  preserving  insects.  I  regret,  however,  that  I  had  so  little 
knowledge  on  the  subject,  for  I  lost  many  interesting  facts  concerning  the  habits  of 
many  of  the  specimens,  and  also  failed  to  note  many  well-known  species.  In  order  to 
have  tbe  specimens  properly  classified,  they  were  sent  to  Mr.  Herman  Strecker,  of  the 
Readiog  Society  of  Natural  Sciences,  to  whose  list  I  respectfully  refer  you.  He  finds 
about  126  different  species. 

I  am  greatly  indebted  to  the  officers  and  the  men  of  the  expedition  for  collecting 
many  interesting  and  valuable  specimens. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

Thos.  M.  Woodruff, 

Lieutenant  F\fth  Infantry. 
Lieut.  E.  H.  Ruffner, 

Cdrps  of  Engineers,  Chief  Engineer,  Department  of  the  Missouri. 


classified  list  of  insects  bt  mr.  herman  strecker. 

Reading  Society  Natural  Sciences, 

Reading,  Pa.,  November  9,  1876. 

Sir  :  I  herewith  transmit  a  classified  list  of  the  insects  forwarded  to  us  in  September 
last,  which  were  collected  by  tbe  expedition  under  your  charge  during  the  surveys  and 
explorations  of  the  region  of  the  headwaters  of  the  Red  River  of  Texas,  in  May  and 
June,  1876. 

The  general  area  from  which  the  collection  was  made,  was  that  parts  of  the  "  Llano 
Estacado,"  or  Staked  Plains  of  Texas,  embraced  between  longitude  100°  30'  west  to  102° 
west,  and  latitude  34°  to  35°  307. 

My  thanks  are  due  to  Messrs.  Charles  A.  Blake  and  E.  T.  Cresson  for  aid  in  deter- 
mining the  Hymenoptera,  to  Mr.  A.  S.  Fuller  in  the  Coleoptera,  and  to  Dr.  Cyrus 
Thomas  in  the  Orthoptera. 

Very  respectfully,  yours,  truly, 

Herman  Strecker. 
Lieut.  E.  H.  Ruffner, 

Corps  of  Engineers,  Chief  Engineer,  Department  of  the  Missouri. 


Chrysis  Clara,  Cress.,  1 9  • 

Larrada  semirufat  Cress.,  1. 
Tachytes  abdominalU,  Say,  1. 

Chlorion  cceruleum,  Dm.,  1  <? . 


Pompilm  Aethiops,  Cress.,  3  $ . 
Pompilus  tenebrosus,  Cress.,  1  9  • 
PHocnemis  valid  us,  Cress.,  1 9  • 
Pepsis  marginata.  Beau.,  2  9  • 


HYMENOPTERA. 
chrysidhxe. 

LARRID.fi. 

SPHEGHXE. 
POMPILnXE. 
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MUTILLIOE. 
Mutilla  californica,  Rad .,  39- 
Mutilla  fenestrata,  St.  Farg.,  3  $ . 
Mutilla  ferrugata,  Cress.,  1  $ . 
Mutilla  Fulvohirta,  Cress.,  1  £ . 
Mutilla  gorgon,  Blake,  2  S  • 
Mutilla  orcus,  Cress.,  1  9  . 
Mutilla  oajaca,  Blake,  1  $ . 
Mutilla  Sayi,  Blake,  1  $  var. 
Mutilla  simillima,  Smith,  2  9  . 
Mutilla  zelaya,  Blake,  1  $ . 
Agama  castanea,  Cress.,  1  $ . 
Agama  tapajos,  Blake,  1  <?  var. 


Foliates  minor,  Cress.,  3  9  • 
Polistes  texana,  Cress.,  II 9  • 


VESPIIXE. 


ANDRENID^. 


Augochlora  fervida,  Smith,  1 9  * 
Eunomia  marginipepennis,  Cress.,  1  $ . 


APIDiE. 


Megachile  gentilis,  Cress.,  I  $ . 
Mellissodes  australis,  Cress.,  I  9  • 
Mellissodes  menachus,  Cress.,  1  <J . 
Anthophora  occidentals,  Cress.,  1 9  • 
Bombu8  nevadentis,  Cress.,  1 9  • 
Bombus  pennsylvanicus,  De  Geer,  3  9 , 4  5 . 


LEPIDOPTERA. 

RHOPALOCERA. 

PAPILIONID-E. 

Papilio  a$teriuSf  Cram,  1 9 .    Tale  Creek. 

Differs  from  the  normal  9  form  in  the  total  obsolescence  of  the  submarginal  row  oi 
yellow  spots  on  both  the  upper  and  nnder  surfaces  of  primaries. 

PIERIIXaE. 

PierU  protodice,  Bdl.  et  Lee,  2<? ;  one  from  Tule  Creek,  the  other  from  Salt  Fork. 
Colias  eurytheme,  Bdl.,  1  <?  from  Cafionoito  Blanco,  1  9  normal,  and  1   $  albino  from 

Mulberry  Creek. 
Meganostoma  ccesonia,  Stoll,  1  $ .    Cafioncito  Blanco. 

These  Pieridce  present  no  points  of  difference  from  those  found  in  various  other 
localities  in  the  United  States  and  Territories. 

LYCAENID-E. 

Thecla  mopsus,  Hubn.,  1  £  1 9  •    Tale  Creek. 
Lycasna  melissa,  W.  H.  Edwards,  1 9  •    Tale  Creek. 

NYMPHALID2E. 
Evptoieta  claudia,  Cram. 
Argynnis  Columbina,  Godt.,  2  <?  1 9  •    Mulberry  Creek. 

One  £ ,  head  of  Red  River,  rather  small,  otherwise  not  peculiar. 
Eresia  Carlota,  Reak,  1  9  •    Head  of  Red  River. 
Eresia  Tharos,  Drn.,  1  <? .    Head  of  Red  River. 
Apartura  celtis,  Bdl.  et  Lee,  2  $  var.    Tale  Creek. 

Both  expand  2£  inches.    They  are  of  much  the  same  reddish  or  tawny  hue  as  the 
variety  described  by  W.  H.  Edwards  under  the  name  of  Alicia,  bat  the  outer  half  of  the 
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primaries  is  not  blackish  brown  as  in  that  form,  bat  is  reddish,  with  some  slight  pale- 
brown  shading,  differing  bat  little  from  the  ground  color  of  the  rest  of  the  upper  sur- 
face. The  most  noteworthy  point  of  distinction  in  the  example  is,  however,  in  the 
presence  of  another  ocellns  on  primaries,  situated  in  cell  3  in  a  line  with  the  one  in 
cell  2,  the  two  being  of  like  size;  nor  are  they  larger  than  the  largest  one  of  the  six 
on  the  inferiors ;  both  have  a  large  white  pupil;  beneath  they  are  larger  and  are  ringed 
with  yellow,  and  also  papilled  with  white.  This  description  applies  to  both  examples, 
except  that  the  other  has  in  cell  4  also  an  ocellns,  making  a  snbmarginal  row  of  four 
ocelli  on  superiors.  This  ocellns  in  cell  4  has  a  much  larger  white  pupil  than  either  of 
the  other  three,  though  on  the  whole  it  is  smaller  than  the  two  in  cells  2  and  3  and  the 
same  size  as  its  partner  in  cell  5.  The  ocelli  on  npper  surface  of  secondaries  have  bluish 
white  or  gray  pupils.  These  two  examples  are  by  far  the  most  interesting  of  the  Lepi- 
dopterous  insects  taken. 

DANAID^. 
Danais  plexippus,  Lin.,  4  $ . 

This  species  occurred  in  every  locality  visited  by  the  expedition. 
Danaie  Berenice,  Cram,  1  $ .    Tule  Creek. 

HESPERIDJ3. 

Pamphila  iowa,  Scud.,  4  <? .    Tule  Creek. 

Pamphila  ottoe,  W.  H.  Edwards,  1  £ ,  1 9 .    Mulberry  Creek. 

JEqiale  cofaqui,  St  reck.,  1 9 .    Tule  Creek. 

Is  of  much  greater  size  than  the  type  from  which  the  species  was  recently  described, 
(in  Proc.  Acad.  Nat.  Sci.  Phil.,)  expanding  fully  three  inches.  It'jhas  also  one  more 
white  spot,  (situated  somewhat  toward  the  apex  or  under  side  of  secondaries.)  The 
sub-apical  marks  in  primaries  are  also  larger  than  is  the  type.  I  have  adopted  Felder's 
generic  name  as  having  priority  over  Afegathymus  of  Sc udder. 

JBETEROOERA. 

ZYGAENIDAE. 

Alypia  octomaculata,  Fabr.,  1  9 .    Mulberry  Creek. 

SPHINGIDAE. 

Deilephila  lineata,  Fabr.  1,  larva. 
Sphinx  lug  ens,  Wlk.,  I  <?.    Salt  Fork. 

noctuim:. 

Hadena  inordinata,  Morrison,  1  <J .  Head  of  Red  River. 

Syneda  ingeniculata.  Morrison,  1  9  •  Ca&oncito  Blanco.  • 

Bolina  deducta,  Morrison,  1  9 .    Sal t_ Fork. 

DIPTERA. 

Tabanus  atratus,  Fabr. 
Saroophaga  carnaria,  Linn. 

Tachina, T    Figure  18  on  plate  V  of  Glover's  "  Illustratious  of  insects  Diptera," 

but  without  being  named. 
Lucilia  Cwsar,  Linn. 

COLEOPTERA. 

CINCINDELID^J. 

Amblycheila  cylindriformie,  Say,  2  examples. 
Cincindela  pulchra,  Say,  3. 
Cincindela  scutellarti,  Say,  t. 
Cincindela  tranguebarica,  Hlibn,  1. 
Cincindela  punctulata,  Fabr.,  1. 
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CARABHXfi. 
Pasimachus  elongatusf  Loc.,  1. 
Ebarthus  incisus,  Leo.,  7. 
Harpalus  calignosus,  Fabr.,  2. 
Harpalus  pennsylv  aniens }  Deg.,  1. 
Chlamius  tomentosus,  Say,  1. 
Cymindes  abstrusa,  Lee.,  1. 
Helluomorpha,  texana,  Leo.,  1. 

HYDROPHILnXE. 
Hydrophilus  triangularis,  Say,  1. 

STAPHYLINIIXE. 
Creophilus  villosus,  Gray.,  2. 

* 

DERMEST1DJS. 
Dermestes  lardarius,  Lin. 
Dermestes  marmoratus,  Say,  abundant. 


Hippodamia  glacialis,  Fabr. 
Cyctonida  abdominalis,  Say. 


Saprinue  oregonensis,  Lee. 


COCCINELLID-E. 


HISTERIIXE. 


SCARAB-EnXE. 


Phanaeus  carni/ex,  Lin.,  1  <? . 

Trox  awrenwiw,  Fabr.,  2. 

Canihon  hudsonias,  Forst,  1. 

Lachnosterna  glabricula,  Lee,  1. 

Iostegoptera  lanceolata,  L>ec,  1  £. 

Anomala  binotata,  Gyll.,  2. 

Strigoderma  arboricola,  Fabr.,  1. 

Euryomia  Kernii,  Hald.,  very  abundant  and  in  many  varieties. 


Melanophila  miranda,  Leo.,  1. 
Chrysoboihris  femorata,  Fabr.,  1. 


Lawn  rectangularist  Say,  3. 


Photuris  pennsylvanicus,  De  G.,  1. 


Thanasomus  spinolait  Lee,  2. 


BUPRESTID-E. 


ELATERIDJE. 

LAMPYRIOE. 

CLERID-E. 
CERAMBICnXE. 


Batyle  ignicollis,  Say,  3. 

Batyle  suturalis,  Say,  2. 

Typocerus  ciunatus,  Neum.,  in  great  numbers. 

Mecas  inornati,  Say,  1. 

Moneilema  anulatum,  Say,  3. 

CHRYSOMELHXE. 

Chrysomela  exclaimationis,  Rog.,  1. 
Plagiodera  oonfluens,  Rog.,  2. 

TENEBRIONID^. 
Eleodes  sponsa,  Lee,  2. 
Eleodes  tricostata.S&y,  3. 
Eleodes  obsoleta,  Say,  2. 
Eleodes  extricata,  Say,  2. 
Eleodes  acuta,  Say,  1. 
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MELOID^. 
Maorobasis  imaculata,  Say,  6. 
Macrobasis  segmentate,  Say,  3. 
Epicauta  ferruginea,  Say,  5. 
Nernognatha  lurida,  Lee,  many  examples. 
Nernog Hatha  discolor,  Lee,  3. 
Gnathium  minimum,  Say,  1. 
Oxacis  oanna,  Lee,  I. 

CURCULIONID.E. 
Sphenophorus  \3-punctatii8,  111.,  4. 

HEMIPTERA. 

Galgulus  oculatus,  Fabr.,  1. 
Brochi/mena  arborea,  Say,  5. 
Strackia  his  trio  nicha,  Habn.,  2. 
Leptogloesus  phyllopus,  Lin.,  7. 
Apiomerus  spissipes,  Say,  2. 

ORTHOPTERA. 

GRYLLIDJE. 
Gryllus  abbreviatus,  Serv.,  19,3  pupte. 

LOCUSTRARL&. 

Udeopsylla  robusta,  Scad.,  3  £ . 

ACRIDII. 
Caloptenus  bivittatus,  Uhler.,  1,  papa. 
Hesperotettix  viridis,  Thos.,  2  $ ,  3  $  ,  1  papa. 
(Edipoda  corallipes,  Hald.,  2  <? ,  also  pupa  of  either  this  or  the  allied  (Edipoda  discoidea, 

Serv. 
Trimerotropis  citrina  T ,  1  £ . 

In  reference  to  this  example  Dr.  Thomas  says:  "I  am  not  positive;  it  is  possible  that 
it  belongs  to  T.  vinculata,  a  very  closely  allied  and  scarcely  distiuct  species." 
Tragocephala  pacifica,  1  $ . 
Acrolophitus  hirtipes,  2  larvae. 

BLATTARLE. 
Ischnoptera  unicolor  t ,  3  <? ,  2  $ . 

NEUROPTERA. 

LIBELLULDXE. 
JEschna  heros,  Fabr.,  3. 
Libellula  trimaculata,  De  G.,  2. 


GEOLOGICAL  NOTES. 

The  Staked  Plains  of  Texas,  wherein  are  fouud  the  sources  of  the  Red 
River,  present  features  favorable  to  geological  research  in  the  fine  sec- 
tions exhibited  in  the  various  canons  made  by  the  different  streams. 
To  the  student  who  visits  these  places,  the  first  view  seems  fraught 
with  promise  of  glorious  results.  Strata,  vivid  in  color  and  various  in 
composition,  lie  clear  cut  in  sheer  cliffs  before  his  eyes,  and  invite  a 
study  made  easy.    And  as  he  passes  from  one  caiion  to  another,  aud 
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finds  the  whole  country  seamed  by  the  net-work,  the  fortuitous  labor  of 
nature  appears  almost  supererogatory.  Standing  by  the  brink  he  sees 
the  solemn  front  of  the  huge  mesa  break  down  at  the  edges,  and  a  mass 
of  rolling  or  abrupt  and  rough  hills  succeed  the  ceaseless  long,  gentle 
swell  of  the  plains'  surface  proper,  and  the  field  for  study  increases  and 
swells  to  vastness.  But  the  reality  is  a  disappointment.  The  rolling 
swell  of  the  general  surface  is  participated  in  by  the  underlying  rocks, 
aud  cafLon  after  canon  throughout  their  whole  extent  present  in  general 
but  the  same  section,  different  only  as  the  erosion  has  been  greater,  or 
from  slight  local  causes.  So  the  grand  walls  of  the  grand  canon,  with 
their  brilliant  cliffs  and  spires,  their  castellated  hills  and  cathedral 
ruins,  red,  and  red,  and  red,  are  again  encountered  in  the  smaller  tribu- 
taries, until  the  red  sandstone  goes  under  the  surface,  and  the  chalky 
tops  of  the  canon  walls  are  found  from  one  to  the  other  until  they  too 
disappear,  the  very  water-courses  cease  to  be,  and  the  unbroken  prairie 
reigns  supreme. 

Again  the  series  of  strata  which  do  form  the  field  for  study  are  vaguely 
coarse  and  unattractive,  upon  close  inspection,  and  the  absence  of  fossil 
life  makes  their  stony  pages  almost  the  blank  leaves  of  nature's  volume, 
uuless,  perhaps,  they  are  instead  the  highly  decorated  pages  of  her 
book  of  illustrations  only. 

One  thing,  however,  can  be  read  everywhere,  and  that  is  the  effects  of 
aqueous  power  on  a  grand  scale — commensurate  with  the  boundless 
area  at  nature's  disposal  when  forming  these  fields  to  her  taste.  The 
section  which  is  here  presented  will  describe  the  country  between  longi- 
tude 101°  and  102°  west  from  Greenwich,  and  between  latitude  34°  3U' 
north  and  latitude  35°,  or  about  60  miles  east  and  west,  and  30  north 
and  south.  As'  I  shall  point  out,  the  same,  or  a  similar  section,  may  be 
expected  through  the  whole  region  from  this  to  Dodge  City,  or  on  a 
line  running  a  little  east  of  north. 

The  thickness  of  the  various  strata  varies  at  points,  but  not  to  any 
great  extent,  and  within  the  region  as  given  I  have  myself  verified  the 
general  section  at  nearly  every  point,  certaiuly  at  places  within  sight  of 
one  another,  and  so  situated  that  no  serious  difference  could  occur. 

I  shall  commence  at  the  top,  and  describe  the  series  in  descending 
order. 

The  general  surface  of  the  plains  is  gently  undulating,  and  sometimes 
in  such  great  swells  as  to  present  all  the  appearance  of  distant  hills  or 
mountains,  even,  when  magnified  by  the  mirage  and  with  the  heightened 
illusion  of  the  level,  where,  with  nothing  to  serve  as  a  comparison,  the 
judgment  often  fails  to  locate  the  distance.  A  noticeable  instance  of 
this  swell  and  depression,  this  wave  and  its  trough,  occurs  at  the  head 
of  the  main  canon,  where  a  north  and  south  wave  has  made  a  trough, 
and  the  swell  of  which  is  cut  through  in  the  minor  canons  of  the  Palo 
Duro  and  the  Tierra  Blanca,  10  miles  to  the  west  of  this.  Again  the 
bluffs  of  the  canon  of  the  southern  stream  rise  up  to  the  traveler  from 
the  north. 

At  the  permanent  camp,  8  miles  east  of  the  head  of  the  main  cailon, 
the  drift  and  alluvium  may  have  been  75  feet  in  thickness,  and  at  Ca- 

noncito  Blanco  this  thickness  may  have  been  equal  or 
Dnft,  75  reet.     |eg^    ,^e  ^ft  i8  £ne  an(j  gravelly,  or  at  times  sandy, 

though  never  enough  so  to  make  the  roads  troublesome ;  the  surface  is 
almost  always  hard. 

Near  the  Tule  Canon,  farther  to  the  south,  the  drift  sometimes  en- 
tirely disappears,  or  is  found  only  in  the  side  arroyas  or  drainage  chan- 
nels, and  the  chalky  limestone  of  No.  2  is  found  frequently  exposed  on 


APPENDIX   RR.  1433 

the  level  surface  of  the  plains,  while  the  outcrop  near  the  canons  almost 
precludes  the  existence  of  drift  above. 

No.  2  is  a  chalky  limestone,  very  friable  and  weath-  Nol  c^,  UroMtone, 
ering  into  minute  fragments,  with  rectangular  joints. 75tol00faet* 
No  fossils  were  found,  and  it  was  difficult  at  any  time  to  get  access  to 
the  limestone  stratum,  so  extensive  was  the  disintegration.  This  num- 
ber was  seen  at  every  place  where  the  summit  of  the  general  level  was 
met,  and  was  last  seen  at  Bluff  Greek,  near  Fort  Dodge,  and  on  the 
prairie  between  that  point  and  the  Arkansas  River.  It  will  be  noted 
that  the  altitude  of  Dodge  City  is  about  that  of  Fort  Elliott,  and  the 
line  joining  the  same  may  be  considered  a  strike  line  of  the  section 
under  description. 

No.  3  is  a  layer  of  compact  limestone,  almost  marble,  of  .*«..  *  cowt 
smooth  grain,  but  couchoidal  iu  fracture,  and  inclined  to  ^tone'5tol° 
break  into  small  rectangular  fragments.  This  seems  to  contain  no  fos- 
sils though  very  carefully  examined  for  such.  It  is  very  firm  and  por- 
phyritic  in  appearance,  with  whitish  blots.  The  color  is  white  or  light 
gray,  sometimes  with  a  pinkish  tinge  in  the  sunlight.  It  will  be  seen  as 
the  upper  decided  outcrop  in  the  views  given  of  all  the  canons.  It  is  the 
npper  water-bearing  rock,  and  when  it  disappears  under  the  surface 
at  the  head  of  the  Palo  Duro,  Tierra  Blanca,  Tule,  and  Ganoncito 
Blanco,  there  will  be  found  the  head  of  water.  It  and  the  number  just 
above  it  seem  to  be  quite  insoluble,  as  the  water  of  these  springs  is 
singularly  sweet  and  pure.  This  rock  is  used  in  the  construction  of  Fort 
Elliott,  where  it  is  burnt  for  lime,  and  where  its  small  and  convenient 
size  at  the  quarry  makes  it  suitable  for  the  foundations  of  the  light 
franie-houses  of  that  post.  At  this  point  it  is  not  far  distant  to  the  north 
in  a  spur  of  the  plains  which  pushes  to  the  east,  and  is  the  divide  be- 
tween the  Washita  aud  the  North  Fork  of  Red  River.  Tbis  number 
was  not  noticed  again  unless,  perhaps,  in  the  high  land  between  the  heads 
of  Bear  Greek  aud  Bluff  Greek  in  Kansas. 

No.  4  is  a  clay,  sometimes  sandy,  sometimes  gravelly,  but  J^CiiL  ™S/ 
never  stone,  although  very  compact.  This  presents  curious  i^Ts^Too'K?" 
features.  On  the  Red  River  and  the  Palo  Duro  and  Tierra  Blanca,  on  the 
margin  of  the  canon  wall  were  found  at  places  immense  quantities  of 
calcified  and  silicified  (sometimes)  roots  which  seemed  the  stratum  in  all 
directions.  Trunks  and  butts  of  trees  were  found  above  in  No.  3.  So 
extensive  was  the  calcified  fibrous  character  at  times,  that  the  appear- 
ance was  almost  that  of  a  coral  bed.  In  other  canons  this  feature  seemed 
lacking  in  this  number,  and  from  the  fact  that  upon  excavating  into  the 
bank,  the  roots  were  thought  to  diminish  in  quantity  and  lessen  in  size  as 
the  bank  was  entered,  it  appeared  likely  that  the  trees  were  located  then, 
as  now,  on  the  margin  of  a  water-course.  No  fossil-leaves  were  found ; 
nothing  but  the  petrified  wood  so  generally  reported  upon  by  every 
traveler  in  these  parts.  The  formation  of  this  number  seems  to  have 
been  quite  rapid  from  the  evenly  smooth  character  and  from  the  fact 
that  pockets  of  sand  and  gravel  were  found  in  considerable  quantity 
resting  upon  the  next  lower  number.  These  pockets  evidently  belonged 
to  the  number  under  description,  and  were  formed  by  the  sifting  aud 
settling  of  their  contents  through  the  lighter  mud  of  the  upper  part.  In 
these  pockets  were  discovered  the  first  fossils.  At  the  Ganoncito  Blanco,  * 
wherever  exposed,  shells  could  be  found  by  a  little  search,  but  no  shells 
were  found  in  tbis  number  except  iu  these  pockets.  The  shells  were  all 
lamellibranchs,  and  were  abundant  in  number,  but  of  few  varieties. 
I  have  spoken  more  in  detail  of  them  in  another  place.  All  were  more 
or  less  water-worn,  and  appeared  in  general  to  have  been  brought  or 
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washed  there,  rather  than  to  have  been  left  by  their  wearers.     At  no 
other  place  were  the  shells  so  abundant  as  in  Cafioncito  Blanco,  though 
a  few  were  found  in  the  Tule  apd  in  Mulberry  Creek. 
no.  &.  s.nd.tooe       No.  5  is  a  sandstone  conglomerate,  compact  in  texture  but 
conglomerate,  *  u>    ea8i]v  worn  by  crater  or  weather.    The  gravel  found  in  it  is 

small  and  is  not  very  abuudant.  A  few  fossils  were  found  and  even 
occasional  pockets.  Generally,  however,  the  conglomerate  was  quite 
free  from  shells. 
No.  6  consisted  of  from  75  to  100  feet  of  red  sandstones  or  clays  some- 
times passiug  into  shales.  Occasionally  were  beds  of 
■t£e*hffe^T.!d  white,  shaly  sandstones,  and  sometimes  almost  clear  sand 
cuy.,75 to  100  feet     or  even  partially  conglomerate.     Very  few   shells  were 

found,  but  these  were  believed  to  have  different  varieties  than  those  of 
the  upper  number,  the  difference  being,  perhaps,  in  Ostraea.  This  num- 
ber varies  very  much,  running  through  all  the  varieties  of  sand  and 
clay  and  their  rocks.  Shales  are  light-colored  or  red,  or  sometimes 
dark,  aud  in  these  shales  are  found  springs  at  several  points.  The 
number  also  varies  considerably  in  thickness  and  in  many  places  gives 
less  than  the  minimum  here  quoted. 

No.  7  is  a  hard  dark-colored  sandstone  withstanding  both  water  and 
no.  7.  Hard  Mnd-  weather.  It  is  heavy  and  compact,  and  by  its  resistance  it 
•to*,, 15lo40foet-  forms  the  second  check  in  the  formation  of  the  canons,  the 
upper  limestone  being  the  first.  The  main  falls  of  the  Red  River  are 
formed  by  this  layer,  and  the  narrow  gulley  or  trench  described  as  cut 
in  the  rock  below  the  falls  could  have  been  possible  only  in  this  number. 
These  falls,  25  or  30  feet  high,  are  reproduced  in  the  Cafioncito  Blanco 
by  the  same  stratum  and  at  a  less  height,  and  again  in  the  Tule  Canon 
are  found  the  same.  Its  firmness  aud  dark  color  make  it  bold  in  relief 
and  in  appearance  wherever  the  canon-walls  are  precipitous.  Occa- 
sional pebbles  and  gravels  are  found,  but  no  fossils  have  been  noted. 
This  rock  supports  the  last  of  the  good  water  in  descending  order,  and 
springs  or  running  water  found  lower  than  this  will  be  apt  to  be  alka- 
line. We  have  thus  far  described  a  section  from  325  to  455  feet  in 
depth,  and  as  yet  the  gypsum  has  not  been  encountered.  Moreover  the 
characteristics  of  the  numbers  already  specified  are  quite  distinct  and 
are  easily  recognized.  The  main  caiion  cuts  fully  12  miles  of  its  course 
before  these  are  passed  through,  and  our  camping  places  on  the  Mul- 
berry, the  Salt  Fork,  the  Upper  McClellan  Creek,  and  the  Big  Spring 
on  North  Fork,  as  well  as  Fort  Elliott  itself,  and  the  creek  at  which  it 
is  supplied  with  water,  are  ail  found  within  the  limits  of  so  much  of  the 
section. 

On  ascending  the  divide  from  Bear  Creek,  Kansas ;  that  is,  in  passing 
out  of  the  valley  of  the  Cimarron,  we  also  pass  through  the  lower  of 
these  numbers,  and  there  are  outcrops  of  conglomerate  and  sandstone, 
containing  not  only  the  same  fossils  already  obtained  and  alluded  to, 
but  many  others  of  similar  varieties.  Many  specimeus  of  the  Ostroda 
Pastina  are  found  in  good  condition  and  very  little  water-worn.  It  ap- 
peared to  me  that  much  the  same  varieties  were  obtained  at  Bear  Creek 
that  were  collected  on  the  divide  betweeu  Beaver  Creek  and  Sand  Creek 
just  north  of  Camp  Supply,  and  that,  in  addition  thereto,  the  smalL 
shells  of  Cafioncito  Blanco  were  added,  which  were  not  found,  certainly 
in  numbers,  at  the  outcrop  near  Camp  Supply.  It  bore  every  appear- 
ance that  the  formation  at  Bear  Creek  was  contemporaneous  with  that 
of  the  lower  portion  of  the  section,  as  so  far  described,  and  that  the  more- 
finely  comminuted  elements  of  the  Staked  Plains,  the  water-worn  speci- 
mens, the  less  number  of  varieties,  and  the  smaller  shells,  all  indicated 
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that  Bear  Creek  was  nearer  the  edge  of  the  cretaceous  ocean  at  that  time, 
and  that  the  Red  River  country  was  probably  in  deep  aud  quiet  water. 
I  might  add  that  no  bowlders,  or  even  large  gravel,  are  found  in  the  Red 
River  country  in  the  conglomerates  of  the  whole  section. 

It  is  difficult  to  separate  the  lowest  number  into  distinct  and  definite 
individuals.  A  confused  mass  of  red  sandstones  and  clays 
•b£e^  2Sd*dEI;  or  shales  are  found  as  low  as  the  canon- walls  extend.  Where 
Toofwt.ndmo™. '  the  sandstones  predominate,  as  in  the  Tule  Canon,  a  mass- 
ive and  striking  cliff  of  brilliant  red,  200  feet  and  more  in  height,  rises 
sheer  from  the  stream.  When  the  clays  are  in  excess,  or  clays  and 
shales  or  slates,  the  weird  castles  and  churches,  and  brilliant  mockeries 
of  the  Red  River  itself  are  seen.  In  this  number  the  occasional  or  at 
times  more  numerous  or  thicker  beds  or  layers  of  gypsum  are  found. 
The  gypsum  is  not  found  above  No.  7.  The  gypsum  deposits  are  scat- 
tering and  varied  in  importance  as  well  as  in  colors.  All  water  found 
flowing  beneath  the  lower  surface  of  No.  7  is  apt  to  be  tainted,  and  no 
exception  of  a  fresh,  sweet  spring  was  found.  There  may  be  light- 
colored  sandstones,  aud,  at  times,  limestones  in  beds  or  thin  layers  may 
be  seeu.  Occasionally  a  bluish  tint  is  found  in  the  shales.  The  gyp- 
sum is  generally  white  or  light-colored ;  but  all  colors  are  overwhelmed 
with  the  general  vivid  red  of  the  whole  land.  Beds  of  conglomerates  are 
seen,  and  from  one  such  a  few  of  the  small  shells  of  the  same  varieties,  as 
in  Canoucito  Blanco,  were  obtained.  This  was  located  not  far  from  Camp 
Ceut,  and  probably  8  miles  north  of  Tule  Cation.  A  few  of  the  same 
were  also  seen  in  position  not  far  from  D  Company  Creek  camp.  It 
seems  hardly  necessary  to  dwell  on  the  peculiarities  of  this  region,  so 
often  and  well  described. 

It  seemed  worthy  of  remark,  however,  that  the  barometer  confirmed 
my  own  conclusions  while  on  the  line  of  march.  The  mouth  of  Tule 
Creek  and  the  camp  on  Sand  Creek,  9  miles  north  of  Camp  Supply,  are 
about  at  the  same  altitude,  and  they  have  nearly,  if  not  quite,  the  same 
geological  altitude.  The  water  of  Sand  Creek  is  nearly,  if  not  quite, 
as  disagreeable  as  that  of  the  Tule.  Camp  Supply  is  on  a  higher  level 
and  the  water  is  somewhat  better,  though,  I  think,  quite  disagreeable. 
In  crossing  the  divide  between  the  Beaver  and  Sand  Creeks,  the  top  layer 
is  a  conglomerate  cemented  by  lime,  with  a  great  abundance  of  shells 
of  various  varieties.  I  think  this  is  of  the  same  age  as  the  layer 
spoken  of  as  near  the  Camp  Cent  Canon.  These  shells  were  not  much 
water-worn,  and  were  in  very  great  abundance,  more  so  than  at  any 
other  point  visited  on  the  trip. 

The  vivid  gullies  and  arroyas  and  vistas  seen  from  the  summit  of  this 
divide,  as  one  looks  to  the  north  down  the  washed  slopes,  are  as  attract- 
ive as  many  views  in  the  caiion  150  miles  to  the  south.  Gypsum  out- 
crops are  met  with  between  this  and  the  Cimarron,  which  stream  again 
exhibits  the  characteristics  of  the  gypsum  formation.  The  rise  from 
this  up  the  bluffs  of  Bear  Creek  brings  us  out  of  the  region  again  to 
more  pleasant  surroundings. 

The  profile  shown  by  the  barometer  is  one  of  general  level  to  the  north 
and  south,  and  a  long  easy  slope  from  the  west  to  the  east.  The  upper 
level  is  well  preserved,  and  reappears  in  detached  portious  as  far  as  the 
Antelope  Hills  on  the  south  of  the  Canadiau  and  east  of  the  one-hun- 
dredth meridian.  The  east  and  west  streams  have  cut  much  the  same 
kind  of  channels,  and  the  side  streams  are  all  constructed  in  the  same 
fashion.  So  long  as  the  upper  limestone  remained  in  situ  the  first  diffi- 
culties were  great;  but,  as  is  shown  by  the  shapes  of  the  denudation, 
the  climate  has  in  general  been  mild  and  much  the  same  as  now,  the 
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rain 8  moderate,  and  the  only  effects  of  unusual  powers  are  shown  in 
the  commencement  of  the  formation  of  the  canons.  The  easy  roll  of  the 
ground  gave  inequalities  to  the  surface  which  formed  ponds  and  lakes. 
Today  are  many  basins  of  size  enough  to  be  called  small  lakes.  Filled 
by  the  rain,  they  sometimes  are  of  a  depth  as  great  as  10  feet,  and  many 
are  seen  filled  every  year  to  a  depth  of  2,  3,  or  4  feet.  The  largest  of 
these  lakes  in  times  past  found  its  outlet  over  its  rim  in  a  small  stream 
which  wore  away  the  hard  limestone  by  degrees.  At  leugth  the  time 
came  when  this  stratum  was  entirely  gone,  and  the  softer  material  below 
disappearing  rapidly,  an  extra  rainfall,  perhaps,  carried  the  small  fall  of 
exit  for  the  lake  back  to  its  brim,  aud  the  large  mass  of  water  was  set 
in  motion.  Tearing  down  its  outlet,  the  sand,  shales  and  clays  were 
swept  away;  the  unsupported  upper  layers  caved  into  the  channel,  and 
were  also  carried  off  by  the  rush ;  the  wild  torrent  now  with  its  great 
fall  and  huge  volume  tore  its  way  through  the  harder  sandstone  below, 
and  the  sharp  cut  heads  of  each  canon  were  made  at  one  great  effort. 
The  lake  disappeared,  the  canon-walls  were  gradually  shaped  by  the 
rains,  but  not  very  much,  and  the  network  of  these  water-courses  ex- 
tended backward  toward  the  head  of  the  stream,  as  the  additional  height 
given  by  the  scouring  out  of  the  lower  channels  made  the  outbreak  of 
the  upper  lakes  more  effective  and  more  easily  begun.  As  each  fresh 
torrent  tore  down  the  main  stream  it  lent  its  effort  to  alter  the  shape  of 
its  bed.  Sometimes  it  widened  it,  sometimes  it  cut  a  new  channel,  leaving 
the  bed  of  the  former  stream  to  oue  side  and  at  a  higher  level  to  be  cut 
up  into  valleys  and  gullies  afterwards.  As  soon  as  the  main  work  was 
done  the  power  was  exhausted.  The  light  fall  of  rain  was  never  enough 
to  smooth  down  and  round  the  sharp-cut  walls  into  gentle  slopes  of  quiet 
hills,  and  the  formation  of  soil  was  impossible  for  this  reason.  The 
absence  of  soil  and  rain  prevented  the  accumulation  of  vegetable  life, 
especially  trees,  and  the  whole  part  of  the  country  since  its  elevation 
above  the  level  of  the  cretaceous  sea  appears  to  have  been  that  of  a 
lake  region  with  a  scant  neighboring  flora,  small  outlets  bordered  by 
trees,  a  cataclysm — perhaps  covering  some  few  yeais — of  canon  forma- 
tion ;  and  the  same  quiet  life  of  today  ever  since  that  time.  The  small 
stream  going  down  the  main  canon  has  only  cut  a  few  hundred  yards 
backward  through  the  sandstone  at  the  falls,  and  this  work  might  easily 
have  been  done  iu  hundreds  of  years  by  the  present  stream. 

There  are  definite  bounds  now  visible  to  the  ancient  lakes  which 
formed  the  main  canon,  that  of  Ganoncito  Blanco  and  the  Tule.  The 
evidences  are  also  patent  of  a  similar  origin  to  the  Mulberry  Creek 
Canon. 

In  the  geological  reportof  Lieutenant  Whipple's  Report,  vol.  Ill,  Pacific 
Railroad  Surveys,  the  Antelope  Hills  are  described  as  having  "  white 
limestone  "  for  some  of  the  upper  beds.  To  the  west.of  this  point,  be- 
tween the  Washita  and  the  Canadian,  were  found  fossil  Ostracea  in  a 
limestone  5  feet  thick,  and  of  a  whitish  gray  color.  (P.  19.)  u  The 
only  representation  of  this  formation  fouud  in  the  collection  is  the  well- 
known  cretaceous  fossil "  Chryphcea  Pitcheri."  The  sections  given  on  pages 
24  and  25  represent  the  edges  of  the  Staked  Plains,  and  are  all  de- 
scribed as  having  u  white  limestone"  for  the  upper  rock,  in  one  case 
giving  10  feet  for  the  thickness.  Underneath  this  is  given  u  calcareous 
conglomerate,"  "sandstones  and  marls,"  and  u yellow  limestone,  with 
bluish-gray  beds,  at  the  bottom  containing  Ostrcea ff] " 

The  last  section  quoted  is  of  Mount  Tucumcari,  in  the  valley  of  the 
Canadian,  about  longitude  103°  407  west,  or  more  thau  50  miles  beyond 
my  farthest  western  point.    These  sections  and  descriptions  are  much 
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more  in  accordance  with  my  own  than  those  recorded  in  Marcy  and 
McClelland  report  on  the  Red  River,  and  confirm  me  in  my  belief  that 
the  geology  of  the  northern  part  of  the  pan-handle  of  Texas,  and  ex- 
tending some  distance  north  into  the  Indian  Territory,  is  one  and  the 
same. 

The  fossils  which  were  brought  back  were  sent  to  Prof.  O.  C.  Marsh 
for  identification,  he  having  kindly  promised  to  do  this  as  a  labor  of  love. 
He  has  not  as  yet  sent  me  the  list,  bat  I  hope  it  may  be  received  in 
time  to  be  printed  with  this  report.  I  have  endeavored  myself,  with  the 
slight  sources  of  comparison  at  my  disposal,  to  classify  or  describe  some 
of  those  brought  back.  By  far  the  greatest  number  of  specimens  ob- 
tained at  the  Canoncito  Blanco  and  in  the  canon  wherever  found  con- 
sisted of  Ostrcea.  The  vaneties  figured  in  Meek's  report  on  Cretaceous 
Invertebrata,  United  States  Geological  Survey  of  the  Territories,  as  the 
Ostrcea  Patina.  Var.  A,  2*,  and  C  are  well  represented,  in  especial  the 
latter  named.  As  I  lay  no  claims  to  being  an  expert  in  palaeontology,  I 
may  be  pardoned  if  I  state  that  these  figures  and  those  of  the  Oryphcea 
Pitcheri,  as  given  in  Vol.  II,  Pacific  Railroad  Reports,  seem  to  me  to  run 
the  one  into  the  other,  and  that  it  might  be  difficult  to  say  at  times 
whether  an  individual  should  belong  to  one  or  another  of  the  four 
names  quoted.  At  any  rate,  whether  right  or  wrong  in  this,  I  am  cer- 
tain that  I  have  specimens  which  exactly  represent  all  the  plates  and 
varieties  given  and  drawn  in  the  volumes  cited. 

The  next  most  prominent  fossil  in  point  of  numbers  I  have  concluded 
to  be  the  Ostrcea  Glabra,  (p.  509  Meek.)  The  fossil  so  named  occurs  in 
great  quantity  and  of  all  sizes  from  1  to  2  inches  in  length.  In  addi- 
tion to  these  I  have  found,  I  think,  specimens  of  the  Ostrcea  inornata, 
Meek,  p.  14;  Mactra  (Cymbophora)  Alta,  210  Meek;  Callista  Pellucida, 
187  Meek ;  Protocardia  Para^  176  Meek.  I  have  tried  to  make  myself 
believe  that  among  the  specimens  collected  there  were  also  exhibited 
Ostrcea  congesla,  Inoceramus  problematic^,  or  indeed  any  variety  of  In- 
oceramus,  but  I  failed,  and  at  present  I  do  not  believe  these  varieties 
were  found.  It  so  happens  that  the  fossils  named  so  far  are  located  in 
No.  4,  No.  5,  and  upward  of  Hayden  &  Meek  section  of  the  cretaceous 
rocks  of  the  Northwest.  I  am  not  familiar  with  the  appearance  of  this 
section  as  described,  nor  have  I  seen  the  upper  numbers  as  quoted  in 
the  various  reports  of  the  Upper  Missouri.  It  also  happens  that  many 
of  the  fossils  quoted  in  the  general  section  as  characteristic  were  not 
found  by  myself,  and  it  is  again  worthy  of  remark  that  if  the  Staked 
Plains  section  does  belong  to  the  upper  rocks  of  the  cretaceous  period 
the  colors  and  general  appearances  of  Nos.  4  and  5  will  not  fairly  de- 
scribe the  southern  rocks.  Professor  Hayden  describes  the  northern 
lands  as  dark  and  somber,  and  no  mention  of  red  is  made  above  the 
Dakota  group.  The  fossils  of  the  Fort  Benton  group,  as  figured,  are 
certainly  not  characteristic  of  the  Staked  Plains,  and  without  attempt- 
ing to  place  these  strata,  I  merely  desire  to  call  attention  to  these  points, 
and  to  note  particularly  the  force  of  my  observation,  that  all  the  fossils 
so  far  named  are  much  water-worn  and  generally  small  in  size,  and  must 
have  been  brought  some  distance. 

The  fossils  found  at  Camp  Supply  are  very  abundant,  and  some  por- 
tions of  the  rock  seem  entirely  composed  of  them.  The  varieties  of 
Ostrcea  quoted  are  found,  and  I  thought  I  could  safely  call  two  or  three 
specimens  Inoceramus.  Many  and  interesting  individuals  of  Scaphites 
were  noted  and  were  all  well  marked  and  very  little  water- worn.  Scaph- 
ites Conradii  was  noted,  and  it  is  believed  Scaphites  Fodosus,  Phola- 
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domya  (Procardia)  Hodgii^  Meek,  p.  219,  was  marked  as  one  example, 
though  others  were  thought  to  have  been  possibly  the  same. 

Many  specimens  of  scaphites  of  different  varieties  were  recognized, 
and  a  much  convoluted  shell  was  thought  to  be  a  portion  of  an  ammon- 
ite. A  strongly  marked  bivalve,  of  beautiful  shape  and  well  preserved, 
awaits  recognition,  and  there  are  many  other  varieties  which  it  is  hoped 
will  be  classified  in  time. 

Perhaps  it  would  be  proper  at  this  point  to  say  that  at  the  heads  of 
the  various  streams,  and  sometimes  in  accumulated  beds  in  the  lower 
parts  of  their  courses,  and  in  the  ponds  on  the  prairie,  were  found  shells 
of  laud  and  fresh-water  varieties  of  Physoe,  Limncea,  Planorbis,  and 
Unio8.  These  were  not  found  alive,  perhaps  because  uo  search  was 
made  for  them,  but  I  recollect  that  the  head  of  the  Paloduro  was  iu 
especial  marked  by  great  quantities  of  these  shells. 

REPTILES. 

The  party  did  not  attempt  to  make  a  full  collection  of  the  reptilia. 
The  full  and  well- illustrated  report  on  this  subject  in  Marcy  and  McCIel- 
lan's  report  seems  to  have  about  covered  the  entire  ground,  at  least  to 
one  not  a  specialist.  A  few  specimens  collected  were  sent  to  the  Bead- 
ing Society  of  Natural  Sciences,  and  the  accompanying  letter  gives  the 
list  of  all  specimens  so  sent. 

It  may  be  said,  however,  that  all  such  belong  to  species  which  are 
abundantly  represented  everywhere  aloug  the  line  of  the  survey. 

list  of  reptiles  prepared  bt  dr.  m.  a.  rhoads. 

Reading  Society  of  Natural  Sciences, 

Reading,  Pa.,  December  22,  1876. 

Sir  :  I  have  the  honor  to  transmit  the  following  list  of  reptiles  forwarded  to  the 
society,  which  were  collected  by  the  expedition  under  yonr  charge  daring  the  surveys 
of  the  region  of  the  head-waters  of  the  Red  River  of  Texas,  in  May  and  June,  1876. 
Very  respectfully, 

M.  A.  Rhoads,  M.  D. 
Lieut.  E.  H.  Ruffner, 

Corps  of  Engineers,  Chief  Engineer  Department  of  the  Missouri. 

Order  SAURIA.    Genus  Crotophytus. 

Crotophytus  Collaris,  Holbrook. 

Genus  Tapaya. 
Tapaya  Douglasii,  G. 

Order  OPHIDIA.  Genus  Crotalus. 

Crotalus  ledamantus,  Beauv. 
Crotalus  Conftuentus,  Say. 

Genus  Heterodox. 
Heterodon  Nasicus. 

Also  along  with  the  above — 
Mygale  Hentzii. 
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explorations  and  surveys  in  the  department  of  texas. 

Headquarters  Department  of  Texas, 

San  Antonio,  Texas,  July  11,  1877. 

General  :  I  have  the  honor  to  submit  the  following  report  upon  the 
operations  conducted  uuder  m.v  charge  as  chief  engineer  officer  Depart- 
ment of  Texas,  from  the  date  of  my  assignment  to  duty  in  such  capacity 
to  the  close  of  the  fiscal  year  ending  June  30,  1877 : 

In  obedience  to  Special  Orders  No.  237*  dated  Headquarters  of  the 
Army,  Adjutaut  General's  Office,  November  17,  1876,  I  reported  to  the 
commanding  general,  Department  of  Texas,  and  was  assigned  to  duty, 
December  11,  1876,  at  his  headquarters,  relieving  First  Lieut.  William 
Hoffman,  Eleventh  United  States  Infantry,  then  acting  engineer  officer 
of  the  Department. 

As  there  were  no  funds  for  the  purpose  of  conducting  operations  of 
survey,  or  for  compensation  of  draughtsmen,  or  otber  employes,  the 
duties  in  the  office  consisted  only  of  issue  of  maps,  and  iu  furnishing 
such  information  as  the  records  of  the  office  contaiued  to  persons  desir- 
ing it,  and  in  the  issue  of  instruments,  stationery,  &c.,  to  those  officers 
who  were  engaged  in  making  notes  of  reconnaissances  or  maps  of  those 
already  made. 

On  January  4, 1877, 1  left  department  headquarters  under  instruc- 
tions from  the  Secretary  of  War,  through  the  Chief  of  Engineers,  toper- 
form  certain  other  duties  at  Fort  Brown,  Texas,  and  returned  by  reason 
of  instructions  from  the  Chief  of  Eugiueers,  July  2,  1877.  During  my 
absence,  the  ordinary  routine  duties  of  the  office  have  been  performed 
at  various  times  by  Maj.  J.  H.  Taylor,  assistant  adjutant-general;  Lieut. 
Col.  J.  S.  Mason,  acting  assistant  inspector-general  of  the  Department; 
and  Lieut.  H.  G.  Browu,  aide-de-camp  to  the  commanding  general. 

During  the  summer  of  1876,  Lieutenant  Hoffman  made  the  tour  of  the 
several  northern  posts  of  the  department  for  the  purpose  of  determining 
their  positions  iu  latitude  and  longitude.  For  longitude,  differences  of 
time  between  the  posts  and  the  Lake  Survey  observatory  at  Detroit, 
Mich.,  were  determined  by  telegraphic  signals.  Latitudes  were  deter- 
mined by  sextant  observations. 

Lieutenant  Hoffman  labored  under  many  difficulties  in  the  perform  - 
ance  of  his  work,  being  entirely  without  assistance  save  that  rendered 
by  enlisted  men  at  the  various  posts,  and  having  chronometers  which 
he  describes  as  entirely  unreliable.  He  only  claims  for  his  results  that 
they  are  reliable  to  within  the  nearest  second  of  time. 

Within  my  knowledge  no  report  has  beeu  made  of  this  work.  I, 
therefore,  give  tabulated  below  the  resulting  longitudes  which  have  been 
left  on  record  in  this  office,  in  order  that  they  may  be  preserved.  There 
are  no  records  of  the  resulting  latitudes  in  this  office. 
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Longitudes,  west  of  Greenwich,  of  military  posts  in  Texai,  determined  from  Hme-observaHon 
by  Lieut  William  Hoffman,  Eleventh  United  States  Infantry,  by  telegraphic  signals  to  and 
from  observatory  of  United  States  Lake  Surrey,  Detroit,  Mich.,  1876. 

h.  m.  s.  °  ' 

Fort  Richardson  (new  sun-dial) 6  32  38.7  98  09  31.05 

FortGriffin  6  36  55  99  13  45 

Fort.  Stockton 6  51  30  102  52  30 

FortConeho 6  41  43  100  25  45 

FortMcKavett 6  40  25.52  100  06  22.8 

During  my  absence,  on  duty,  from  Fort  Brown,  Texas,  in  February 
and  March,  1877,  my  assistant,  Mr.  O.  8.  Wilson,  was,  by  my  direction, 
engaged  iu  making  a  careful  survey  of  the  post  of  Ringgold  Barracks, 
Texas,  which  was  required  by  the  department  commander  for  the  pur- 
pose of  adjusting  the  boundaries  of  the  proposed  reservation. 

The  survey  carefully  made  with  theodolite  and  chain,  and  with  refer- 
ence to  the  true  meridian,  was  platted  on  a  scale  of  one  three  thousandths, 
makiug  a  map  of  690  square  inches.  Mr.  Wilsou  also  made  observations 
with  the  sextant  for  the  latitude  of  the  sun-dial  at  Ringgold  Barracks, 
the  results  of  which  are  given  in  tabulated  form  below. 

Observations  with  sextant  for  latitude  of  sun-dial,  post  of  Ringgold  Barracks,  Texas,  by  Assist- 
ant Engineer  O.  S.  Wilson,  March,  1877. 


Date. 

Object. 

Number   of 
observation. 

Result. 

Mean. 

1877. 

Mnrnh  fi__ __ _ _ 

Polaris 

65 
35 
25 
85 
25 

40 
40 
40 

O         /         // 

86    88    48.7 
39.4 
37.0 
31.4 
35.2 

O          I         II 

7 

...do 

7 

...do 

8 

8 

Son 

96    88    38.3 

March  3...... 

86    83    12.2 
23    58.5 
23    33.7 

7 

....do 

8 

do 

26    88    54.8 

Latitude  of  son-dial.  Ringgold  Barracks. . . . 

86    82    46.6 

Very  respectfully,  your  obedient  servant, 

Jambs  F.  Gregory, 

Captain  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  S.  A. 
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explorations  and  surveys  in  the  division  of  the  pacific. 

Engineer  Office,  Military  Division  of  the  Pacific, 

San  Francidco,  Cal,  July ^5,  1877. 

Sir  :  I  have  the  honor  to  submit  my  annual  report  for  the  year  ending 
June  30, 1877. 

The  discharge  of  the  office  employes  at  the  close  of  the  preceding 
fiscal  year  stopped  the  drawing  of  four  important  maps,  which  have  been 
mnch  needed.  This  will  necessitate  the  redrawing  of  these  maps,  as 
other  draughtsmen  cannot  finish  them.  It  has  been  impossible  to  meet 
the  frequent  demand  for  maps. 

The  troops  have  been  actively  employed  throughout  the  year,  in  parts 
of  the  division,  in  operations  against  the  Indians. 

There  is  at  present  an  Indian  outbreak  of  considerable  magnitude  in 
Idaho  Territory,  and  there  are  no  maps  to  issue  to  the  troops  who  have 
been  sent  from  the  adjacent  military  department,  and  who  are  not  familiar 
with  the  country. 

FIELD-WORK. 

The  eastern  boundary  of  the  Presidio  or  Fort  Point  military  reserva- 
tion, as  established  by  the  act  of  Congress  approved  May  9,  187G,  was 
surveyed  and  marked  by  stone  monuments. 

The  boundaries  of  the  Point  San  Jose  military  reservation  were  sur- 
veyed and  marked. 

In  compliance  with  a  division  order,  I  visited  the  military  reserva- 
tion at  Monterey,  Cal.,  and  made  a  report  to  the  major-general  com- 
manding upon  the  custodianship  thereof. 

For  several  years  the  sand-downs  west  of  the  military  post  of  Point 
San  Jose,  San  Francisco  Harbor,  have  been  encroaching  upon  the  post 
to  such  an  extent  as  to  seriously  block  the  roads  and  to  endanger  the 
buildings.  Tbe  method  resorted  to  to  keep  off  the  drifting  sand — that  of 
building  high  fences — was  of  doubtful  expediency  and  economy,  as  in 
one  season  the  sand  would  cover  the  fence  and  necessitate  the  building 
of  another  fence  above  the  old  one.  In  this  way  the  sand,  in  some 
places  30  feet  above  the  natural  surface  of  six  years  ago,  had  collected 
to  the  windward  of  the  post  and  threatened  to  bury  it.  The  sand  comes 
partly  from  the  beach  of  the  reservation,  but  principally  from  the  sand- 
downs  west  of  the  reservation  which  have  been  supplied  from  the  beach 
to  the  windward.  From  April  to  October  the  wiud  blows  in  the  after- 
noons from  a  direction  nearly  unvarying,  and  with  a  maximum  velocity 
of  about  32  miles  an  hour.  The  two  objects  to  be  attained  were  to  cut 
off  the  supply  of  sand  coming  from  outside  the  reservation,  and  to  fix 
the  sand  already  upon  the  reservation.  The  first  object  has  been  at- 
91  E 
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tained  by  building  a  brush-fence  along  the  beach  and  the  western 
boundary-liue.  The  second  object  has  been  secured  by  planting  in  the 
sand  lupine-seed,  (Lupinus  arboreus.)  This  lupine  shrub  has  a  yellow 
flower  and  reaches  its  maximum  growth  in  four  years,  when  it  is  five  or 
six  feet  high,  and  covers  an  area  of  about  50  square  feet.  It  is  a  hardy 
plant,  and  has  long  taproots,  which  render  it  suitable  for  planting  in 
sand.  There  are  36  acres  in  the  sand  tract  of  the  reservation.  The 
lupine  seed  was  gathered  by  the  soldiers  upon  the  Presidio  reservation. 
Barley  was  mixed  with  the  lupine-seed  in  the  proportion  of  3  pouiidsof 
lupine  to  100  pouuds  of  barley.  This  mixture  was  sown  broadcast  after 
the  surface  had  been  harrowed.    About  200  pouuds  were  used  to  the 

•  acre.  The  sowiug  was  done  immediately  after  the  first  rains,  which 
occurred  in  October.  The  sand  was  then  rolled  to  consolidate  it.  The 
lupine  comes  to  the  surface  slowly,  sending  its  roots  down  several  feet 
before  appearing  above  the  surface.  The  barley  was  planted,  as  it 
sprouts  soon.  It  came  to  the  surface  in  ten  days,  and  held  the  sand  un- 
til the  lupine  was  well  rooted  and  had  developed  into  vigorous  plauts. 
In  spite  of  the  exceptionally  unfavorable  year,  the  auuual  rainfall  hav- 
ing been  only  11  inches,  while  for  the  preceding  five  years  the  average 
anuual  rain-fall  was  24.93  inches,  the  barley  has  matured  and  the  lupine 
has  grown  into  healthy  plauts,  preventing  the  drifting  of  the  saud 
upou  most  of  the  saud  tract.  In  the  few  places  where  the  lupiue  did 
not  grow  the  sand  has  been  held  in  place  by  covering  the  surface  with 
brush.  Among  the  causes  of  the  rapid  growth,  in  sand-downs,  of  certain 
plants,  are  the  looseness  aud  warmth  of  the  soil  and  the  higher  level  of 
the  surface  of  permanent  moisture,  due  to  capillary  attraction.  It  is 
the  intention  to  raise  from  seed,  in  a  sheltered  plantation,  a  number  of 
small  trees,  which  will  be  trausplauted  to  the  sand-downs  when  they 
are  sufficiently  vigorous.  The  Monterey  pine  and  cypress  trees  have 
been  selected  for  this  purpose,  because  of  their  rapid  growth  in  sandy 
soils,  and  their  thick  foliage,  which  breaks  the  wind.  In  this  way,  in  a 
few  years,  a  valuable  growth  of  trees  can  be  secured,  which  will  shelter 
the  post  from  the  high  summer  winds  and  obviate  the  constantly  recur- 
ring expenditures  for  wiud-fences.  In  fact,  when  the  sand  is  held  in 
place,  several  plants  grow  spontaneously  upon  it.  The  slopes  of  the  s 
sand-do wns  are  gentle  to  the  windward  and  steep  to  the  leeward.  Their 
crests  have  curvilinear  directions  nearly  normal  to  the  direction  of  the 
prevailing  winds,  and  move  to  the  leeward  at  a  considerable  rate.  As 
the  sand  accumulates  upon  the  beach,  it  is  proposed  to  hold  it  in  place 
by  planting  some  of  the  grasses,  as  the  mat-grass,  (Psamma  arenaria,) 
which  have  proved  themselves  valuable  for  this  purpose  in  the  works 
of  sand  reclamation  upon  the  coasts  of  Europe.  It  is  probable  that  this 
will  not  be  necessary,  as  there  is  a  vine  which  is  growing  near  the 

-  beach  fence  of  brush.  This  brush-fence  has  been  placed  at  about  10  feet 
from  the  extreme  high-water  line.  Tpe  slope  of  the  surface  of  the  dry 
sand  between  the  fence  and  the  high-water  line  will  be  increased  by  the 
accumulation  of  the  sand  stopped  by  the  fence.  This  will  diminish  the 
amount  of  sand  moved,  and  will  facilitate  its  being  held  iu  place  by  the 
sand-biuding  grasses. 

The  military  reservation  at  Camp  Thomas,  Arizona,  was  surveyed  by 
First  Lieut.  E.  D.  Thomas,  Fifth  Cavalry,  A.  D.  C,  and  acting  engi- 
neer officer,  department  of  Arizona. 

OFFICE-WORK. 

Information  for  the  publication  of  an  outline  description  of  the  mili- 
itary  posts  in  the  Military  Division  of  the  Pacific  has  been  collected. 
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Work  has  been  commenced  in  making  reduced  drawings  of  the  plans  of 
the  military  reservations  and  of  the  posts,  to  accompany  this  publica- 
tion. 

A  very  creditable  map  of  the  Saint  Joseph  and  Clearwater  Rivers, 
Idaho,  has  been  received  by  Lieut.  Robert  H.  Fletcher,  Twenty-first 
Infantry.  This  map  was  compiled  by  Lieutenant  Fletcher  from  East- 
wick's  Survey  of  the  Clearwater  River;  scouts  made  by  Maj.  J.  B.  San- 
ford,  First  Cavalry,  1872-'73 ;  and  from  Col.  J.  C.  Davis's  route  of  march 
in  1874.  Lieutenant  Fletcher  was  topographical  officer  upon  the  mili- 
tary expeditions. 

The  State  of  California  has  sold  to  private  parties  the  u  tide-lands w 
adjoining  the  shore-lines  of  the  military  reservations  of  Point  Sail  Jos6,' 
the  Presidio,  aud  Peninsula  Island,  extending  into  San  Francisco  Bay, 
to  a  depth  of  water  of  24  feet  at  extreme  low  tide  in  the  first  two  cases, 
and  to  a  depth  of  9  feet  in  the  latter  case.  A  wharf  and  house  have 
been  built  upon  the  "tide-lands"  of  Peninsula  Island.  The  Govern- 
ment wharves  at  the  Presidio  and  Point  San  Jos6  are  on  property  upon 
which  taxes  are  paid  by  persons  having  deeds  from  the  State  of  Cali- 
fornia. If  the  part  of  San  Francisco  Bay  between  the  shore-line  of 
these  two  reservations  and  the  established  city  water-front  should  be 
filled  in,  the  use  of  the  reservations  would  be  interfered  with.  It  is 
therefore  important  that  the  question  of  the  ownership  of  this  property 
should  be  definitely  settled. 

A  list  of  reports  of  scouts  received  during  the  year,  and  a  table  of  dis- 
tances from  and  to  different  points  in  Arizona,  compiled  by  Lieut.  E. 
D.  Thomas,  Fifth  Cavalry,  acting  engineer  officer,  department  of  Ari- 
zona, are  appended. 

The  following  is  an  abstract  of  the  office- work,  viz:  Drawings,  23; 
tracings,  58:  maps  mounted,  45. 

Amount  desired  for  fiscal  year  ending  June  30, 1879,  $10,000. 
'  Very  respectfully,  your  obedient  servant, 

J.  C.  Mallery, 
First  Lieutenant  of  Engineers,  U.  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  &  Army. 
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REPORT   OP   THE    CHIEF   OF   ENGINEERS. 


TABLE  OF  DISTANCES  FROM  AND  TO  DIFFERENT  POINTS  IN  ARIZONA, 
COMPILED  FROM  RECORDS  OF  ENGINEER  OFFICE,  HEADQUARTERS  DE- 
PARTMENT OF  ARIZONA,  BY  FIRST  LIEUTENANT  E.  D.  THOMAS,  FIFTH 
CAVALRY,  A.  D.  C.  AND  ACTING  ENGINEER  OFFICER. 

FROM  PRESCOTT,  ARIZONA,  TO — 


Posts  and  stations. 


Apache,  Camp 

Bowie,  Camp 

Ehrenberg 

Grant,  Camp 

McDowell ,  Camp 

Mojave,  Camp 

r 

Phoenix 

I 
Pima  Agency < 

Pioche,  Nev 

Saint  George,  Nev 

Sacramento,  Cal 

San  Bernardino,  Cal 

San  Carlos,  (Camp,)  Ariz  < 

San  Diego,  Cal 

San  Francisco,  Cal 

San  Pedro,  Cal 

San  Pedro,  Ariz 

Santa  Fe*,  N.  Mex 

Stockton,  Cal 

Thomas,  Camp < 

Tucson,  Ariz 

Union,  Fort,  N.Mex 

Verde,  Camp 

Whipple,  Fort,  Ariz 

Wickenberg,  Ariz < 

Willow  Grove,  Ariz 

Wilmington,  Cal, 

Wingate,  N.  Mex 

Tama,  Fort,  Cal 

Zuni,  N.  Mex 


332 
197 
192 
166 
376 
341 

102 
165 
143 
98 
114 

160 
151 
127 
434 
350 
831 
365 
422 
269 
530 
855 
455 
284 
524 
783 
429 
394 
248 
225 

624 
42* 

87 

65 

85 

450 

2*6 

304 
240 


Route  traveled. 


Via  Camp  Verde  and  Mogollon  Mountains,  General 

Crook  road. 
Via  Camp  Verde,  Stoneman's  Lake,  Sunset  Crossing, 

ambulance  and  freight  road,  old  road. 
Via  stage-road  and  Tucson. 
Via  freight-road. 
Via  Wickenberg  stage-road. 

Via  Skull  Valley  and  Gilson's  ranch,  ambulance-road. 
Via  Tucson  stage  and  ambulance-road. 
Via -Black  Cafion  and  Phoenix,  ambulance  and  freight 

road. 
Via  Black  Cafion. 

Via  Wickenberg,  old  road. 

Via  Black  Canon,  new  road. 

Via  new  road  and  Skull  Valley,  stage  and  ambulance 

route. 
Heavy-freight  road. 
Via  stage  and  ambulance  route. 
Via  Black  Cafion  and  Phoenix,  ambulance-route. 
Via  Cerbat,  Mineral  Park,  and  Saint  George. 

Via  Dos  Palms  and  Los  Angeles. 

Via  Dos  Palms. 

Via  Tucson,  ambulance-route. 

Via  McDowell  and  Old  Camp  Grant,  not  traveled. 

Via  Maricopa  Wells,  stage  and  ambulance  route. 

Via  D09  Palms  and  San  Bernardino,  ambulance-route. 

Via  Dos  Palms  and  San  Bernardino,  ambulance-route. 

Via  Sunset  Crossing  and  Wingate. 
Via  Dos  Palms  and  Los  Angeles. 
Via  stage-road. 
Via  Black  Cafion. 
Via  stage-road. 

Via  Black  Canon,  Phoenix,  .and  Sacaton,  ambulance- 
route. 

Via  Copper  Cafion,  ambulance  and  freight  route. 

Via  old  road. 

Via  stage-road,  Skull  Valley,  ambulance-route. 

Via  Dos  Palms  and  Los  Angeles. 

Itinerary  of  Col.  R.  I.  Dodge,  Twenty-third  Infantry. 

Odometer  measurement. 
Via  Maricopa  Wells. 
Via  Sunset  Crossing. 


FROM  CAMP  M'DOWKLL,   ARIZONA,   TO— 


Aoache. Camn  .......... 

321* 

232 

255 

110 

210 

Via  Camp  Verde. 

Bowie.  Camn  •• 

Colorado  Indian  Res 

Date  Creek,  (old  camp).. 

Stage,  ambulance,  and  freight  route. 
Ambulance  and  freight  route. 
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lable  of  distances  from  and  to  different  points  in  Arizanat  fa — Continued. 


Posts  and  stations. 


Florence  

Grant,  Camp 

Goodwin,  (old  camp) 


Hardy  ville 


Lowell,  Camp  .. 
Maricopa  Wells. 
Mojave,  Camp  .. 


Phoenix  . 
PrescoU 


San  Carlos 
Tucson 


Verde,  Camp. 


Whipple,  Fort J 

Wickenberg 

Yuma,  Fort 

Apache,  to  San  Carlos,  < 


Miles.' 


55 
243 
267 

261 

134 

45 

267 

27 
102 
141 
297 
127 

99 

100* 
142* 

83 
222 

65 
100 


Route  traveled. 


Ambulance  and  freight  route. 

Via  Tucson. 

Via  Florence  and  Desert  road,  Tucson  and  Tres  Ala- 

.    mos,  upper  crossing  San  Pedro. 

Via  Black  Cation  and  Prescott,  ambulance,  stage,  and 

freight  route. 
Ambulance  and  freight  route. 

Do. 
Via  Black  Cation  and  Prescott,  ambulance  and  freight 

road. 
Ambulance  and  freight  route. 
Via  Black  Canon. 
Via  stage-route. 

Via  Tucson  aud  Camp  Goodwin. 
Via  Florence  and  Desert  Wells,  ambulance  and  freight 

route. 
Via  Black  Cafion,  Antelope  Springs,  and  Copper  Cafion, 

ambulance  and  freight  road,  new  route. 
Via  Black  Canon,  ambulance  and  freight  route. 
Stage-route. 

Stage,  ambulance,  and  freight  route. 
Stage,  ambulance,  and  freight  road. 
Via  trail. 
Via  Goodwin,  ambulance  and  freight  route. 


FROM 

8AN  CARLOS,   ARIZONA,  TO— 

Apache,  Camp 

65 
100 
297 

284 
411 
186 
425 
115 
587 
45 

Trail. 

Grant,  Camp 

Maricona - 

Ambulance  and  freight  road. 

Via  Tucson    and  Camp  Goodwin,   ambulance    and 

freight  route. 
Ambulance  and  freight  road. 
Via  Tucson,  ambulance  route. 

Prescott 

Tucson 

Do. 

Yuma,  Cal  ............. 

Do. 

Bowie.  Carao 

Do. 

Mojave,  Camp 

Via  Tucson  stage-route;  ambulance  route. 
Ambulance  and  freight  road. 

Bowie,  Camp,  to  Grant, 
Camp. 

FROM  TUCSON,  ARIZONA,  TO— 


225 

205 
105 
343 
303 
72 
116 
437 
127 

7 
98 
441 
225 
186 
223 
176 
275 

Via  Grant  and  old  Camp  Goodwin,  ambulance  and 

freight  road. 
Via  old  Camp  Goodwin. 
Ambulance  and  freight  road. 

Via  Ehrenberg,  ambulance,  stage,  and  freight  route. 
Via  Wickenburg,  stage-route. 

Desert  road,  ambulance  and  freight  road,  stage-route. 
Ambulance  and  freight  road. 
Via  Prescott. 

Grant,  Camp ............ 

Hardyville 

Lowell,  Camp 

Via  Florence  and  Desert  route,  ambulance  and  freight 
road. 

Maricopa  Wells 

Stage-route. 

Mojave,  Camp..... 

Prescott 

Via  Black  Cafion. 

San  Carlos 

Via  Grant. 

Verde,  Camp 

Via  Black  Cafion. 

Wickenberg  ...... ...... 

Stage  and  ambulance  route. 
Via  Maricopa  Wells,  stage-road. 

i 
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ITINERARY  OF  ROUTE. 

FROM  CAMP  VERDE  TO  CAMP  APACHE. 

Camp  Verde  to  Clear  Creek „ 4 

Clear  Creek  to  Cedar  Tanks,  sign-board,  wood,  and  grass 16 

Cedar  Tanks  to  Baker's  Springs,  sign-board,  wood,  and  grass 12 

Bauer's  Springs  to  General  Springs,  sign-board,  wood,  grass  scarce 12 

General  Springs  to  Don  Robert's  Springs,  sign-board,  wood,  grass  scarce 5 

Don  Robert's  Springs  to  Camp  Adam,  sign-board,  wood,  and  grass 7 

Camp  Adam  to  Dead-Shot  Creek,  sign-board,  wood,  and  grass  scarce 9 

Dead-Shot  Creek  to  Laguna,  (sign-board  down,)  wood,  grass  scarce 11 

Laguna  to  foot  of  Mesa,  sign-board,  wood,  grass  scarce 9 

Foot  of  Mesa  to  Phoenix  Park,  wood  and  grass 8 

Phoenix  Park  to  Water-Holes,  wood  and  grass 20 

Water-Holes  to  Clark's  ranch,  wood  and  grass 14 

Clark's  ranch  to  Crossing,  wood  and  grass 15 

Crossing  to  forks  of  road,  wood  and  grass 7 

Forks  of  road  to  Camp  Apache 24 

Total  distance 173 

REMARKS. 

After  passing  the  tree  blaz  d,  and  marked  59|  from  Verde,  the  distances  are  approxi- 
mated, as  actual  measurements  stop  at  that  point.  Water  is  generally  found  about  8 
miles  from  Baker's  Spring,  in  a  creek  near  remains  of  a  hut.  From  that  point  until 
Dead-Shot  Creek  is  passed  is  the  softest  portion  of  the  road.  If  no  water  is  found  at 
Camp  Adam,  where  the  creek  crosses  the  road,  it  can  be  found  down  in  the  cation  to  the 
left  of  the  road.  About  midway  between  Phoenix  Park  and  the  Water-Holes  there  is  a 
sign-board  marked  "Water"  to  left  of  the  road.  The  Water-Holes  are  to  the  right 
of  the  road  about  a  mile.  Between  Clark's  ranch  and  Crossing,  about  10  miles  out, 
water  is  found  in  a  ravine  to  left  of  road,  sign-board  on  tree. 

Data  obtained  from  records  of  Engineer  Office,  Department  of  Arizona,  and  from 
actual  measurements  by  chain  aud  odometer. 

E.  D.  Thomas, 
First  Lieutenant  Fifth  Cavalry,  A.  D.  C, 
Acting  Engineer  Officer, Department  of  Arizona, 
Prescott,  Ariz.,  February  17, 1877. 
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ANNUAL  EEPOET  OF  LIEUTENANT  E.  D.  THOMAS,  FIFTH 
CAVALRY,  ACTING  ENGINEER  OFFICER,  FOR  FISCAL 
YEAR  ENDING  JUNE  30,  1877. 

explorations  and  survey8  in  the  department  of  arizona. 

Engineer  Office, 
Headquarters  Department  of  Arizona, 

Prescottj  Ariz.,  August  30, 1877. 

Sir  :  I  have  the  honor  to  submit  the  following  annual  report  of  the 
operations  of  this  office  for  fiscal  year  ending  Jane  30,  1877. 

Congress  having  made  no  appropriation  for  surveys  in  military  divi- 
sions and  departments,  and  no  funds  being  available,  my  assistance  has 
been  limited  to  the  services  of  one  draughtsman,  furnished  from  and  on 
duty  with  the  general-service  detachment,  at  headquarters  Department 
of  Arizona,  through  the  kindness  of  the  general  commanding,  which  has 
enabled  me  to  perform  the  duties  absolutely  required  and  add  to  official 
map  such  information  as  was  furnished  by  officers  commanding  troops 
in  pursuit  of  renegade  Indians. 

Work  has  therefore  been  limited  to  the  routine  incidental  to  depart- 
ment headquarters,  and,  in  the  field,  to  a  few  minor  surveys,  and  the 
preparation  of  maps  of  these  surveys. 

The  survey  of  Camp  Thomas  military  reservation  was  made  in  Novem- 
ber, 1876.  The  reservation  was  declared  by  the  President  and  an- 
nounced in  General  Orders  No.  14,  Headquarters  Department  of  Arizona, 
June  11,  1877.    Map  forwarded  with  report  of  the  survey. 

Maps  have  been  issued  to  officers  serving  in  this  department,  tables 
of  distances  distributed  to  post-commanders,  and  tracings  made. 

This  office  has  not  yet  received  the  fourth  sheet  of  m^p  of  Department 
of  Arizona ;  consequently,  no  complete  official  map  could  be  furnished. 
Constant  inquiries  are  made,  and  repeated  requests  by  letters  sent,  to 
this  office  by  officers  serving  in  this  department,  for  completed  maps ; 
and  I  have  been  unable  to  comply  with  their  requests,  and  invariably 
replied  that  a  complete  map  would  soon  be  issued,  as  it  was  in  the  office 
of  the  Chief  of  Engineers,  at  Washington,  D.  C. 

SCOUTS. 

I  herewith  submit  outline  map  of  Southern  Arizona,  showing  move- 
ments of  troops  in  pursuit  of  hostile  and  renegade  Indians  since  date 
of  last  annual  report.  This  map  is  based  upou  the  official  records  and 
condensed  information  furnished  by  officers  in  command  of  the  different 
detachments. 

May  28,  1876,  General  Kautz,  commanding  department,  accompanied 
by  Colonel  Martin,  A.  A.  G.,  and  Lieutenant  Whitney,  A.  D.  C.,  left 
Prescott  and  proceeded  by  stage  to  Tucson,  and  from  thence  to  Camp 
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Bowie,  Arizona,  and  took  immediate  command  of  the  cavalry  and 
infantry  column  there  concentrated  to  operate  in  the  removal  of  the 
then  supposed  formidable  and  warlike  Chiricahua  band  of  Southern 
Apaches. 

The  disposition  of  troops  and  the  admirable  precautions  taken  ren- 
dered an  outbreak  impossible,  and  the  Ghi-ri-ca-hua  band  was  removed 
to  the  San  Carlos  Indian  reservation  without  difficulty;  a  few  who 
escaped  to  the  mountains  were  pursued  by  troops  and  forced  to  return 
to  their  reservation  or  flee  for  protection  to  Indian  agencies  in  New 
Mexico. 

The  marches  and  routes  traveled  by  the  troops  under  Colonel  Oakes, 
Sixth  Cavalry ;  Major  Compton,  Sixth  Cavalry ;  and  Captain  Brayton, 
Eighth  Infantry,  who  commanded  detachments  or  mixed  commands 
under  General  Kautz,  are  given  upon  the  map  inclosed,  viz : 

Headquarters  Sixth  Cavalry,  Companies  B,  F,  and  K,  Sixth  Cavalry, 
under  command  of  Colonel  Oakes,  from  the  2d  of  June,  1876,  to  18th  of 
June,  1876,  from  Camp  Lowell  to  Camp  Bowie,  and  returned  to  Camp 
Lowell. 

Battalion  of  Sixth  Cavalry,  consisting  of  C,  G,  I,  and  M,  and  Company 
A^  Indian  scouts,  under  command  of  Major  Compton,  left  Camp  Grant 
June  3,  and  scouted  through  San  Simon  Valley,  returning  to  Camp  Grant 
June  18,  1876. 

April  16  to  July  3, 1876,  Capt.  G.  M.  Brayton,  with  Companies  B  and 
E,  Sixth  Cavalry,  and  B,  Indian  scouts,  scouted  from  Camp  Yerde 
through  Tonto  Basin,  Pinal  Mouutains,  San  Pedro,  and  San  Simon 
Valleys,  Chiricahua  Mountains,  and  return  to  Camp  Verde. 

August  13  to  August  29,  1876,  Captain  Charles  Porter,  Eighth 
Infantry,  with  detachment  of  Sixth  Cavalry  and  C.ompany  B,  Indian 
scouts,  scouted  through  Bed  Bock  country  from  Camp  Verde,  killing  7 
Indians  and  capturing  7  prisoners. 

August  30  to  September  21,  Lieutenant  Austin  Henely,  Sixth 
Cavalry,  with  Company  H,  Sixth  Cavalry,  scouted  Chiricahua  Mount- 
ains, portions  of  New  Mexico,  and  Sonora.  From  Camp  Bowie,  Sep- 
tember 28  to  October  26,  1876,  Captain  Whitside,  with  Company  B, 
Sixth  Cavalry,  scouted  San  Pedro,  Sonoita,  and  Barbacomba  Valleys 
from  Camp  Lowell. 

October  8  to  November  2, 1876,  Captain  Tupper,  with  Company  G, 
Sixth  Cavalry,  scouted  San  Pedro  and  Gila  Valleys  from  Camp  Grant. 

December  11  to  January  12,  Lieutenant  Rucker,  with  detachments  of 
H,  L,  Sixth  Cavalry,  and  C  Company  Indian  scouts/scouted  country  in 
vicinity  of  Steen's  Peak  range  of  mountains,  thence  to  the  Ludendorf 
Mountains,  abont  40  miles  south  of  Ralston,  N.  Mex.,  where  he  (Lieu- 
tenant Rucker)  had  an  engagement  with  hostile  Indians,  killing  a  num- 
ber and  capturing  many  prisoners,  destroying  a  large  amount  of  their 
property. 

February  11  to  March  11, 1877,  Lieutenant  Rucker,  with  Company  H, 
Sixth  Cavalry,  and  C,  Indian  Scouts,  scouted  Gila  aud  Burro  Mount- 
ains from  Camp  Bowie. 

March  3,  Maj.  F.  D.  Ogilby  made  a  trip  from  Camp  Apache  to  Globe 
City,  Arizona,  Lieutenant  Baird,  Sixth  Cavalry,  furnishing  topographical 
sketch  of  same,  calling  attention  to  the  false  position  of  Apache  Mount- 
ains upon  official  maps ;  his  statement  was  indorsed  by  Major  Ogilby 
and  forwarded. 

I  have  made  the  corrections  upon  inclosed  map,  and  will  do  so  upon 
official  map. 

Lieutenant  Craig,  Sixth  Cavalry,  with  detachment  Company  B  and 
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M,  Sixth  Cavalry,  scouted  Hnachuca  Mountains,  vicinity  of  San  Rafael 
and  Santa  Cruz,  Sonora,  and  Sonoita  Valleys,  from  April  18  to  April 
21,  1877. 

June  5  to  June  24,  Lieutenant  Hanna,  with  detachment  6  and  M,  Sixth 
Cavalry,  and  Indian  scouts,  scouted  country  in  vicinity  of  old  Camp 
Crittenden,  Wallen,  Santa  Cruz  and  Barbacomba  Valleys  from  Camp  in 
Hnachuca  Mountains. 

All  routes  and  trails  are  shown  on  accompanying  map. 

MILITARY  ROADS. 

The  Skull  Valley  and  Prescott  wagon-road  was  completed  November 
6, 1875,  and  opened  for  travel  immediately  after ;  it  was  repaired  the 
following  summer  as  much  as  practicable  with  the  unexpended  balance 
of  the  appropriation.  This  road,  which  runs  over  Sierra  Prieta  range 
of  mountains,  is  very  liable  to  damage  from  washes  from  winter  rains 
and  suow-stornis,  and  needs  yearly  repairs  to  keep  it  iu  good  order  and 
proper  condition  for  travel.  A  small  appropriation  is  respectfully  asked 
for  this  purpose.    Map  and  estimates  submitted  with  report. 

Prescott  and  Camp  McDowell  road,  with  branch  to  Camp  Verde,  was 
completed  February  29,  1876,  and  needs  repair.  Map  and  estimates 
are  also  submitted  for  this  road. 

1  transmit,  herewith,  map  and  estimate  of  cost  of  repair  of  military 
road  between  Camp  Verde  and  Sunset  Crossing,  Department  of  Ari- 
zona, and  beg  to  call  attention  of  the  Cflief  of  Engineers  to  the  urgent 
and  imperative  necessity  of  securiug,  if  possible,  an  appropriation  from 
Congress  for  the  repair  and  substantial  improvement  of  this  important 
interior  line  of  communication  between  Arizona,  New  Mexico,  and  the 
Eastern  States.  The  importance  of  rendering  this  a  good  and  easily- 
traveled  freight  and  stage  route  will  be  readily  perceived  upon  an  examin- 
ation of  the  ordinary  topographical  maps  of  Northeastern  Arizona  aud 
New  Mexico,  and  the  calculation  of  distancesof  linesof  travel  from  railroad 
ceuters  in  Colorado  and  New  Mexico  to  posts  in  Arizoua,  as  compared 
by  lines  of  travel  and  ordiuary  routes  of  communication  from  eastern 
cities  via  San  Francisco  to  posts  iu  Arizona. 

The  completion  of  the  Denver  and  Rio  Grande  Railroad  to  Fort  Gar- 
laud,  New  Mexico,  and  the  feasibility  of  a  good  wagon-road  from  Fort 
Garland  to  Fort  Wingate,  New  Mexico,  and  thence  to  Prescott— depart- 
ment headquarters — and  northern  posts,  will  materially  reduce  the  cost 
of  transportation,  and  increase  the  comiort  of  troops  in  Arizona,  by  be- 
ing supplied  from  markets  of  Chicago  and  Saint  Louis,  far  preferable  to 
San  Francisco,  excepting  one  item,  "  canned  fruit."  It  will  also  reduce 
the  price  of  transportation  of  Army  supplies,  an  important  questiou 
now,  when  appropriations  are  reduced  to  the  lowest  possible  limit: 
while  it  also  iucreases  the  facilities  of  mail-communications  and  travel 
to  and  from  the  Eastern  States.  Officers  and  men  under  orders  for 
eastern  stations  can,  by  the  opening  of  this  route,  reach  the  terminus  of 
the  railroad  in  New  Mexico  in  about  the  same  time  that  it  now  takes  to 
arrive  at  the  terminus  of  the  Southern  Pacific  Railroad,  thus  avoiding 
delays,  snow-blockades,  wash-outs,  spring  floods,  additional  expenses, 
and  the  annoyances  and  discomforts  of  traveling  through  a  State  where 
national-bank  notes  are  not  accepted  as  the  legal-tender  and  circulating 
medium  of  its  citizens  and  transient  inhabitants. 

In  the  winter  months  frequent  and  long  delays  occur  in  the  arrival  of 
eastern  mails,  due  to  snow-blockades  on  the  Union  and  Central  Pacific 
Railroads,  a  source  of  extreme  annoyance  to  troops  mainly  from  the 
Eastern  States  stationed  in  Arizona,  who  depend  almost  entirely  upon 
the  clothing-markets  in  the  east  for  wearing-apparel,  and  receive  all 
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goods  by  mail,  rely  upon  regular  transmission  of  periodicals,  and  who 
have  no  interest  in  common  with  the  people  of  the  Pacific  slope. 

Some  dissatisfaction  has  existed,  and  complaints  have  been  made, 
about  the  irregularity  of  mails,  when  eastern  mails  were  forwarded  by 
Sauta  Fe,  N.  Mex.  This  was  caused  through  the  condition  of  the  road, 
rendering  it  impracticable  to  transport  mails  over  the  Mogollan  Mount- 
ains, except  on  horseback,  a  distance  of  60  miles.  This  will  be  obviated 
after  repair  of  road,  by  the  placing  upon  the  route  a  regular  line  of 
passenger-coaches,  insuring  rapidity,  regularity,  and  reliability  in  the 
transmission  of  mail-matter  upon  this,  a  shorter,  less  expensive,  and 
more  direct  road  to  headquarters  Department  of  Arizona,  Prescott, 
the  capital,  and  military  posts  in  the  eastern  part  of  Territory. 

The  unexampled  prosperity  of  Arizona,the  extraordinary  development 
of  its  mineral  resources,  and  the  large  immigration  to  this  section  of 
country  demand  a  short  and  inexpensive  route  to  the  Eastern  States  for 
commerce,  accommodation  of  officers,  citizens,  and  soldiers  living  and 
serving  within  its  borders. 

During  the  last  season  the  grangers  of  Arizona  did  not  grow  suffi- 
cient wheat  to  supply  the  demand  for  flour  for  Army  or  civil  use,  neces- 
sitating heavy  aud  numerous  shipments  of  flour  from  New  Mexico  by 
contractors  and  merchants  to  fill  contracts  or  to  supply  their  local 
markets;  additional  charges  for  freight  were  made  to  cover  detours 
and  almost  impassable  nature  of  roads,  consequent  increase  of  price  of 
flour,  which  would  have  beeu  avoided  by  keeping  the  road  in  proper  re- 
pair. 

The  extensive  Mormon  and  other  settlements  upon  the  Little  Colo- 
rado, the  facilities  for  cultivating,  raising,  and  bringing  iuto  the  mar- 
kets millions  of  pounds  of  wheat,  barley,  and  corn  annually  through 
the  medium  of  this  road,  will  considerably  reduce  the  expenses  of 
maintaining  troops  in  this  department.  ' 

The  road  was  projected  aud  completed  by  military  labor  under  the 
supervision  of  an  Army  officer  under  General  Stonenian's  administra- 
tion of  affairs  pertaining  to  this  department,  finished  and  opened  for 
travel  November  30, 1870,  and  shortens  distance  to  Sunset  Crossing 
about  60  miles ;  it  is  built  over  Mogollau  Mountains,  through  dense 
forests  of  pine  and  cedar,  a  road  well  watered,  excellent  grazing,  short 
and  convenient  drives.  The  road  has  never  been  repaired  or  improved 
in  any  way  siuce  its  opening,  and  running  over  rocky  mesas  and  mal- 
pays  country  for  20  miles  is  in  its  present  condition  impassable  for 
either  light  or  heavy  teams. 

For  consideration  of  proper  authority  special  rates  are  herewith  sub- 
mitted, furnished  by  general  freight  agent  of  Kansas-Pacific  Railways, 
for  freights  from  New  York,  Chicago,  Saint  Louis,  &c. 

100  pounds. 

i  first  class $4  27 

second  class..  3  63 

third  class...  2  99 

fourth  class..  2  31 

(first  class 3  52 

second  class..  2  73 

third  class...  2  29 

fourth  class..  1  8G 

I  first  class....  3  32 

second  class..  2  73 

third  class...  2  29 

fourth  class..  1  81 

|  first  class 1  50 

-,         ,r           _..         T                  .,  I  second  class..        1  50 

From  Kansas  City  or  Leavenworth <  third  class  .. .        1  50 

I  fourth  class..         1  25 
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These  rates  are  from  places  above  mentioned  to  Fort  Garland,  Colo- 
rado, the  present  terminus  of  railroad.  From  there  the  rates  to  Prescott, 
Ariz.,  will  be  $5.70  per  100  pounds  for  the  entire  distance. 

Freight  will  be  delivered  in  thirty  days  after  reaching  end  of  railroad, 
by  mule  teams.  By  examination  of  rates  above  enumerated,  and  esti- 
mating cost  of  shipments  from  the  East  through  San  Francisco  to  posts 
in  this  department,  it  will  be  seen  that  there  will  be  a  great  saving  of 
cost  in  transportation  of  supplies  for  Army  consumption,  besides  a  more 
expeditious  method  of  delivery,  thereby  ignoring  that  "  terrible,"  sordid, 
and  unscrupulous  monopoly,  the  Southern  Pacific  Eailroad. 

The  expenditure  of  the  amount  estimated  for,  will  be  a  wise  and 
beneficent  measure,  calculated  to  improve  the  condition  of  the  Terri- 
tory, benefiting  both  citizens  and  military,  and  bringing  yearly  into  the 
Treasury  of  the  United  States  millions  of  money,  which  now  lies  dor- 
mant for  want  of  development. 

Under  provision  of  General  Order  No.  62,  current  series,  Headquarters 
of  the  Army,  I  have  now  on  duty  in  the  engineer  office  two  competent 
draughtsmen,  who  will  be  of  great  service  to  me,  and  through  whom  it 
is  hoped  to  have  much  valuable  information  incorporated  in  maps. 

An  office  map  of  the  department  will  be  commenced  immediately,  aud 
work  upon  it  continued  till  it  is  finished. 

I  have  been  on  duty  as  acting  engineer  officer  of  the  department  for 
oyer  two  years,  and  have  not  received  any  of  engineer  appropriation, 
although  I  have  made  requests ;  therefore  I  respectfully  ask  that  the 
followiug  estimates  be  filled,  if  possible,  and  money  sent  to  me  as  soon 
as  it  is  available. 

With  my  present  assistants  accurate  maps  can  be  furnished  from  this 
department  as  well  as  from  any  other  department.  Maps  can  be  photo- 
graphed, mounted,  and  sent  to  officers  serving  in  department. 

I  have  quite  a  number  of  plats  of  surveys,  which  were  made  while  I 
have  had  charge  of  this  office,  and  I  desire  copies  so  they  can  be  sent 
to  post  commanders. 

Estimate  of  funds  for  fiscal  year  ending  June  30,  1878. 

For  the  purchase  of  drawing-instruments,  drawing-paper,  inks,  colors,  &c.       $300  00 

For  chemicals  aud  tools  to  photograph  maps 700  00 

For  the  purchase  of  odometers,  prismatic  compasses,  and  the  repair  of 

instruments ■„ 1,000  00 

For  office  expenses 800  00 

To  cover  expenses  for  tracing  of  township  plats  at  the  different  land-offices 

of  entire  territory  required  for  official  map 2, 000  00 

For  the  purchase  of  sextants,  chronometers,  aneroids,  hypsometrical  appa- 
ratus, and  other  instruments  for  field  astronomical  observations  and  recon- 
naissances   T... 4,000  00 

Total 9,300  00 

The  instruments  furnished  this  office,  and  now  in  use,  are  wholly  in- 
adeqnate,  limited  to  two  transits  of  old  construction,  aud  greatly  in  need 
of  repairs,  a  level  with  rod  and  target,  and  two  chains  of  the  most  in- 
ferior pattern  ;  they  exclude  any  attempt  to  work  on  a  more  extensive 
scale. 

The  mountainous  character  of  the  country  renders  the  determinations 
of  relative  altitudes  imperative  for  the  correct  representation  of  topo- 
graphical features,  and  no  instruments  for  this  purpose  are  available, 
save  the  time-consuming  level. 

In  the  way  of  field  astronomical  observations,  nothing  has  been  done 
for  want  of  proper  instruments,  tables,  &c 
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For  office  work  circumstances  are  the  same,  only  the  deficiency  of 
tools  is  here  more  severely  felt ;  a  few  dividers  and  untrue  triangles  are 
the  means,  necessitating  corresponding  results. 

It  is  two  years  since  this  office  received  some  drawing-paper  and 
other  materials.  This  supply  being  exhausted  some  time  ago,  I  am 
compelled  to  draw  largely  on  the  kindness  of  Captain  Simpson,  assistant 
depot  quartermaster  at  Fort  Whipple,  for  office-material  absolutely  nec- 
essary for  the  routine  of  this  office. 

Very  respectfully,  your  obedient  servant, 

B.  D.  Thomas, 
First  Lieut  Fifth  Cavalry,  A.  D.  C,  Acting  Engineer  Officer. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 
(Through  the  chief  engineer  Military  Division  of  the  Pacific.) 


Estimate  of  funds  required  for  the  improvement  and  repair  of  military  road  from  Prescott  to 

Skull  Valley,  Arizona, 

For  construction  of  drains,  ditches,  and  stone  culverts $2,400  00 

For  improvement  of  road-bed,  filling  and  reduction  of  grade 2,000  00 

For  repair  of  retaining- walla,  construction  of  railings,  and  repair  of  curves . .     1, 600  00 


6,000  00 


Estimate  of funds  required  for  the  repair  of  military  roatUt  connecting  Presoott,  Camp  Verde, 

and  Camp  McDowell,  Arizona. 

For  the  repair  and  the  construction  of  additional  drains,  ditches,  and  cul- 
verts, the  improvement  and  repair  of  water-crossings $3, 000  00 

For  the  repair  of  road-covering,  removal  of  rocks,  and  the  construction  of 
one  retaining- wall 3, 000  00 

6,000  00 


Estimates  for  repairs  and  improvements  upon  military  road,  Department  of  Arizona,  from 

Camp  Verde,  Arizona,  to  Sunset  Crossing,  Arizona. 

For  grading,  cleariu?  brush,  cutting  and  making  new  road-bed  between 
Camp  Verde,  via  Wales  Arnold's,  to  its  intersection  with  Stoneman  road, 
12  miles,  at  8500  per  mile $6,000  00 

For  blasting,  removal  of  rocks,  aud  improvement  of  old  road-bed, -the  con- 
struction of  stone  culverts,  drains,  ditches,  &c, grades  from  intersection 
of  new  road  via  Wales  Arnold's  ranch  to  the  stoneman  road,  to  Stone  man's 
Lake,  15  miles,  at  $200  per  mile 3,000  00 

For  tilling  aud  grading,  removal  of  rocks,  and  improvement  of  road  from 
Stonemau's  Lake  to  Jarvis  Pass,  30  miles,  at  $100  per  mile 3, 000  00 

For  removal  of  rocks  and  improving  grades,  cuts,  making  of  bridges  from 
Jarvis  Pass  to  Sunset  Crossing,  25  miles,  at  $50  per  mile 1, 250  00 

Total 13,250  00 

The  road  as  it  now  stands  runs  from  Camp  Verde  up  west  bank  of 
Verde  River,  to  a  point  about  7  miles  from  the  camp,  aud  thence  follows 
a  general  eastern  course  to  Sunset  Crossing. 

A  distance  of  7  miles  can  be  saved  by  running  road  up  Beaver  Creek, 
touching  Wales  Arnold's  ranch  (see  red  line  on  map)  aud  on  to  its  inter- 
section with  Stoneman  road. 
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This  cat-off  will  make  the  road  more  convenient  to  travelers,  allow  a 
better  gradient,  and  avoid  a  considerable  stretch  of  malpays  country  at 
the  head  of  Beaver  Greek. 

The  road  connecting  Gamp  Verde  and  Fort  Whipple  rnns  through 
Gopper  Caiion  and  on  a  general  western  course  from  Camp  Verde. 

E.  D.  Thomas, 
First  Lieut.  Fifth  Cavalry,  A.  D.  C,  Acting  Engineer  Officer 

Department  of  Arizona. 
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Accidents  on  railroads,  remarks  on  proposed  legislation  for  inves- 
tigation of 

Accotink  Creek,  Va.,  improvement  of 

Ahnepee  Harbor,  Wis.,  improvement  of 

Alpena  Harbor,  (Thunder  Bay,)  Mich.,  improvement  of 

Apalachicola  River,  Fla.,  improvement  of 

Appomattox  River,  Va.,  improvement  of 

Aqnia  Creek,  Va.,  improvement  of - 

Arkansas,  Missouri,  and  Mississippi  Rivers,  operations  of  snag- 
boats  on ■ 

Arkansas  River  at  Fort  Smith,  improvement  of 

Ashtabula  Harbor,  Ohio,  improvement  of 

An  Sable  River  Harbor,  Mich.,  improvement  of 

B. 

Baltimore  Harbor,  Md.t  improvement  of  entrance  to 

Battalion  of  Engineers ■ 

Bay  of  Superior,  improvement  of  natural  entrance  to 

Belfast  Harbor,  Me.,  improvement  of 

Black  Lake  Harbor,  Mich.,  improvement  of • 

Black  River  Harbor,  Ohio,  improvement  of 

Black  Warrior  River,  Ala.,  improvement  of 

Block  Island,  R.  I.,  construction  of  harbor  at... 

Boards  of  engineers  for  fortifications 

Boston  Harbor,  Mass.,  improvement  of 

Breakwater  of  Cleveland,  Ohio,  construction  of 

Broadkiln  River,  Del.,  improvement  of 

Bridge  of  the  Washington  Aqueduct  across  Rock  Creek,  D.  C 

Bridge  across  the  Mississippi  River,  sheer-booms  for  piers  of 

Bridging  the  Mississippi  River  between  Saint  Paul  and  Saint 

Louis,  report  on 

Bridging  navigable  waters  of  the  United  States . . 

Bridgeport  Harbor,  Conn.,  improvement  of 

Buffalo  Harbor,  N.  Y.,  improvement  of 

Bulkhead  Rock,  Providence  River,  R.  I.,  removal  of.... 

Burlington,  Iowa,  improvement  of  harbor  at 

Burlington  Harbor,  Vt,  improvement  of 

G. 

Calumet  Harbor,  111.,  improvement  of 

Canal,  Saint  Mary's  River,  Fla.,  and  Gulf  of  Mexico,  report  on  .... 

Canal  at  the  Cascades,  Columbia  River,  project  for... 

Cape  Fear  River,  N.C.,  improvement  of  entrance .• 

Canokia  Chute,  Mississippi  River,  opposite  Saint  Louis,  dosing  of 

Cedar  Keys  Harbor,  Fla.,  improvement  of 

Channel  between  Staten  Island  and  New  Jersey,  improvement  of. 

Charleston  Harbor,  S.  C,  improvement  of 

Charlevoix  Harbor,  Mich.,  improvement  of ..\. 

Charlotte  Harbor,  N.  Y.,  improvement  of 

Chattahoochee  River,  Georgia  and  Florida,  improvement  of 

Cheboygan  Harbor,  Mich.,  improvement  of 

Chester  Harbor,  Pa.,  ice-harbor  at 

Chester  River,  Md.,  improvement  of,  at  Kent  Island  Narrows 
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Chicago  Harbor,  III.,  improvement  of.- ,. 

Chippewa  River,  Wis.,  improvement  of i 

Cboctawhatcbie  River,  Florida  and  Alabama,  improvement  of  .... 

Cleveland  Harbor,  Ohio,  improvement  of 

Uocheco  River,  N.  H.,  improvement  of 

Cohanscy  Creek,  N.  J.,  improvement  of 

Columbia  River,  Lower,  Oreg.,  improvement  of 

Columbia  River,  Upper,  and  Snake  River,  Oreg.,  improvement  of.. 

Columbia  River,  Oreg.,  canal  at  Cascades 

Conueant  Harbor,  Obio,  improvement  of 

Connecticut  River,  above  Hartford,  Conn.,  improvement  of 

Connecticut  River,  below  Hartford,  Conn.,  improvement  of 

Coosa  River,  Georgia  and  Alabama,  improvement  of 

Cooeawnttce  River,  Ga.,  improvement  of 

Cumberland  River,  Tenn.,  improvement  of 

Cypress  Bayou,  Tux.,  improvement  of 

D. 

Defences,  sea-const  and  lake-frontier. 

Delaware  Bi>»  k water  Hnrbor 

Delaware  River,  below  Pelty's  Island,  improvement  of 

Delaware  Kher,  between  Tientou  and  Whitehill,  N.  J.,  improve 

meut  of 

Detroit  River,  Mich.,  improvement  of 

Des  Moines  Rapids,  Mississippi  River,  improvement  of 

Dubuque,  Iowa,  improvement  of  harbor  at 

Dulnth  Harbor,  Minn.,  improvement  of 

Diuikiik  Harbor,  N.  Y.,  improvement  of 

Duties  of  officers  of  the  Corps  of  Engineers 

Eagle  Harbor,  Mich.,  improvement  of 

East  Chester  Creek,  N.  Y.,  improvement  of 

East  River,  N.  Y.,  removal  of  obstruction  from  

Elizabeth  River,  Va.,  improvement  of 

Engineer-depots ." 

Erie  Harbor,  Pa.,  improvement  of 

Etowah  River,  Ga.,  improvement  of 

Explorations,  geological,  &c,  40th  parallel 

Explorations,  geographical,  &c,  west  of  100th  meridian 

Explorations  and  reconnaissances 

Explorations  and  surveys  in  the  Division  of  the  Missouri 

E>  pi  orations  and  surveys  in  Department  of  Dakota 

Explorations  and  surveys  in  Department  of  the  Platte 

Explorations  and  surveys  in  Department  of  the  Missouri 

Explorations  and  surveys  in  Department  of  Texas 

Explorations  and  surveys  in  Division  of  the  Pacific 

Explorations  and  surveys  in  Department  of  Arizona 

Explorations  and  reconnaissances,  estimates  for 

F. 

Fairport  Harbor,  (Grand  River,)  Ohio,  improvement  of 

Fall  River  Harbor,  Mass.,  improvement  of 

Fa'l*  of  Saint  Anthony,  Minn.,  preservation  of 

Falls  of  the  Ohio  River,  improvement  of  navigation  at 

Feather  and  Sacramento  Rivers,  Cal.,  improvement  of 

Flint  River,  Georgia  and  Florida,  improvement  of 

Frankfort  Harbor,  Mich.,  improvement  of 

French  Broad  River,  N.  C.,  survey  for  improvement  of 

Fort  Brown,  Tex.,  protection  of  river  banks  at , 

Fort ieth  parallel ,  geological  exploration  of 
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66 

368 
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Fortifications 

Fort  Mad i sod,  Iowa,  improvement  of  harbor  at 
Fox  and  Wisconsin  Rivers,  improvement  of  ... 


O. 

Galveston  Harbor,  Tex. ,  improvement  of  entrance  to 

Galveston  Bay,  ship-channel  between  San  Jacinto  River  and  Boli- 
var Channel,  improvement  of  and  survey  of 

Geological  exploration  40th  parallel 

Geographical  explorations  and  surveys  west  of  100th  meridian  ... 

Georgetown  and  Washington  Harbors,  D.  C,  improvement  of 

Grand  Haven  Harbor,  Mich.,  improvement  of 

Grand  River  (Fairport)  Harbor,  Ohio,  improvement  of 

Great  Sodas  Harbor,  N.  Y.,  improvement  of 

Great  Kanawha  River,  W.  Va.,  improvement  of 

Green  Bay  Harbor,  Wis.,  improvement  of 
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Parti. 


H. 

Hallet's  Point,  destruction  of  reef  at 

Harbor  of  Refuge,  Lake  Huron 

Harbor  of  Refuge,  Sturgeon  Bay  Canal,  Wis 

Harbor  of  Refuge  on  Pacific  Coast,  examination  for  establishment  of 

Harlem  River,  near  East  River,  N.  Y.,  improvement  of 

Hell  Gate,  N.  Y.,  improvement  of  navigation  at 

Hiawassee  River,  Tenn.,  improvement  of 

Housatonic  River,  Conn.,  improvement  of.,. 

Hudson  River,  N.  Y.,  improvement  of 

Hudson  River  opposite  Jersey  City,  dredging  in 

Huron  Harbor,  Ohio,  improvement  of 

Hyannis  Harbor,  Mass.,  improvement  of 

I. 


Illinois  River,  improvement  of 

Inside  passage  between  Fernandina  and  Saint  John's  River,  Fla., 
improvement  of 

J. 

James  River,  Va.,  improvement  of 60    284 

Jersey  City,  dredgiog  in  vicinity  of !    50    245 


4 
84  524 
102 


73  446 
I  74  455 
}75  458 
127 
127 

63  351 
107 
115 
118 

61  296 

99 


49  231 
110 

99 
123 

50  248 
49  227 
91  598 
47  215 


49 

50 

113 

42 

223 
245 

194 

'85 

546 

68 

378 
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61 
94 
34 
35 


296 
663 
162 
165 


Kanawha  River,  Great,  improvement  of 

Kanawha  River,  Little,  improvement  of 

Kennebec  River,  Me.,  improvement  of 

Kennebunk  River,  Me.,  improvement  of 

Kenosha  Harbor,  Wis.,  improvement  of ;  102 

Kent  Island  Narrows,  Md.,  improvement  of I    56    271 

i 

Lake-harbors  and  rivers 97 

Lakes,  Northern  and  Northwestern,  survey  of j  125 

Laws  of  second  session  Forty-fourth  Congress  affecting  Corps  of  ! 

Engineers ' S  143 

Lewes,  Del.,  construction  of  piers  at 52    255 

Little  Narragansett  Bay,  Rhode  Island  and  Connecticut,  survey  of.      44    203 

Little  Sodus  Harbor,  N.  Y.,  improvement  of 118 

Little  Kanawha  River,  improvement  of 94    663 
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959 
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837 
1105 


981 
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Louisville  and  Portland  Canal,  superintendence  and  management 

of 

Lndington  Harbor,  Mioh.,  improvement  of 

m. 

Macbias  River,  Me.,  improvement  of 

Manibtee  Harbor,  Wis.,  improvement  of 

Manitowoc  Harbor,  Wis.,  improvement  of • 

Maps  of  campaigns  and  battle-fields 

Maps,  military,  geographical  and  lake  survey 

Marcus  Hook  Harbor,  Pa.,  improvement  of 

Marquette  Harbor,  Mich.,  improvement  of 

Matagorda  Bay,  Tex.,  improvement  of  entrance  to 

Meeker's  Island,  Minn.,  lock  and  dam  at 

Memphis,  Term.,  protection  of  water-front  of 

Menomonee  Harbor,  Michigan  and  Wisconsin,  improvement  of  -  -  - 

Merrimac  River,  Mass.,  improvement  of 

Michigan  City  Harbor,  Ind.,  improvement  of 

Milford  Harbor,  Conn.,  improvement  of 

Milwaukee  Harbor,  Wis.,  improvement  of • 

Minnesota  River,  improvement  of 

Mississippi,  Missouri,  and  Arkansas  Rivers,  operations  of  snag- 
boats  on 

Mississippi  River,  between  months  of  the  Illinois  and  Ohio  Rivers, 
improvement  of 

Mississippi  River,  survey  of 

Mississippi  River,  improvement  of  month  of,  at  Southwest  Pass... 

Mississippi  River,  Upper,  improvement  of... 

Mississippi  River,  above  Falls  of  Saint  Anthony,  improvement  of.. 

Missouri  River  at  Saint  Joseph,  improvement  of - 

Missouri  River  at  Nebraska  City,  improvement  of 

Missouri  River,  above  month  of  Yellowstone,  improvement  of. ... 

Mobile  Harbor,  Ala.,  improvement  of 

Monongahela  River,  improvement  of 

Monroe  Harbor,  Mich.,  improvement  of • 

Movable  dam  at  Davis's  Island,  Ohio  River 

Muskegon  Harbor,  Mich.,  improvement  of 

N. 

Nansemond  River,  Vh.,  improvement  of 

Nebraska  City,  Nebr.,  improvement  of  Missouri  at 

New  Buffalo  Harbor,  Mich.,  improvement  of 

New  Bedford  Harbor,  Mass.,  improvement  of 

New  Castle,  Del.,  ice-harbor  at 

New  Haven  Harbor,  Conn.,  improvement  of 

Newport  Harbor,  R.  I.,  improvement  of 

New  River,  Virginia  and  West  Virginia,  improvement  of 

Noniini  Cr»ek,  Va.,  improvement  of 

Nor  walk  River,  Couu.,  improvement  of 

Norfolk  Harbor,  Va.,  improvement  of 

O. 

Oakland  Harbor,  San  Francisco  Bay,  Cal.,  improvement  of 

Oak  Orchard  Harbor,  N.  Y.,  improvement  of... 

Occoquan  Creek,  Va.,  improvement  of 

Oemulfcee  River,  Ga.,  improvement  of 

Office  of  tlie  Chief  of  Engineers 

Officers  of  the  Corps  of  Engineers 

OgdeiiKbnrgli  Harbor,  N.  Y.,  improvement  of 

Ohio  River,  improvement  of 
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86  571 
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79  499 
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64  359 
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985 
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Ohio  River,  improvement  of,  report  of  board  of  engineers  on, 

Ohio  River,  Falls  of,  improvement  of  •••••• 

Olcott  Harbor,  N.  Y.,  improvement  of , 

Ontonagon  Harbor,  Mien.,  improvement  of 

Oostenanla  River,  6a.,  improvement  of , 

Oswego  Harbor,  N.  Y.,  improvement  of 

Otter  Creek,  Vt.,  improvement  of 

Ouachita  River,  Arkansas  and  Louisiana,  improvement  of  .. 


P. 


Pamplico  River,'N.  C,  examination  of 

Passaic  River,  N.  J.,  improvement  of 

Pass  Cavallo,  Tex.,  improvement  of 

Patapsco  River,  Md.,  improvement  of 

Pawcatuck  River,  Rhode  Island  and  Connecticut,  improvement  of. 

Pawtucket  River,  R.  I.,  improvement  of 

Penobscot  River,  Me.,  improvement  of % 

Pensacola  Harbor,  Fla.,  removal  of  obstructions  from  entrance.... 

Pentwater  Harbor,  Mich.,  improvement  of 

Pere  Marquette  Harbor,  Mich.    (See  Ludington.) 

Perquimans  River,  N.  C,  improvement  of 

Plattsburgh  Harbor.  N.  Y.,  improvement  of 

Plymouth  Harbor,  Mass.,  improvement  of.... 

Port  Chester  Harbor,  N.  Y.,  improvement  of 

Port  Clinton  Harbor,  Ohio,  improvement  of 

Port  Jefferson  Harbor,  Long  Island,  N.  Y.,  improvement  of 

Portland  Harbor,  Me.,  improvement  of 

Port-warden's  line  at  Philadelphia 

Port  Washington  Harbor,  Wis.,  improvement  of.... 

Protection  of  public  work,  against  trespass  or  injury,  report  on, 
with  form  of  an  act  for 


Providence  River,  R.  I.,  improvement  of 

Provincetown  Harbor,  Mass.,  improvement  of 

Public  buildings,  grounds,  and  works,  District  of  Columbia. 

Pultney ville  Harbor,  N.  Y.,  improvement  of ; , 
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B. 

Racine  Harbor,  "Wis.,  improvement  of 

Railroad  accidents,  investigation  of 

Rappahannock  River,  Ya.,  improvement  of.... 

Reconnaissances  and  explorations 

Red  River  Raft,  La.,  removal  of 

Red  River  of  the  North,  improvement  of 

Richmond's  Island,  Me.,  harbor  of  refuge  at 

Rincon  Rock,  harbor  of  San  Francisco,  Cal.,  removal  of 

Rio  Grande  at  Fort  Brown,  Tex.,  protection  of  river  banks  of. 

River  and  harbor  improvement 

Roanoke  River,  N.  C,  improvement  of ^ 

Rock  Creek  Bridge,  Washington  Aqueduct,  D.C 

Rock  Island  Rapids,  Mississippi  River,  improvement  of 

Rondout  Harbor,  N.  Y.,  improvement  of 


S. 

Sabine  Pass,  Tex.,  improvement  of : 

Sacramento  and  Feather  Rivers,  Cal.,  improvement  of 

Saginaw  River,  Mich.,  improvement  of 

Saint  Anthony,  preservation  of  Falls  of 

Saint  Augustine  Creek,  Fla.,  improvement  of 

Saint  Clair  Flats  8hip-Canal 

Saint  Clair  River,  at  the  month  of  Blaok  River,  Mich.,  improve- 
ment of , 
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101 
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128 
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120 
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111 

111 


976 
841 

982 


907 
906 


955 


866 


1061 

1072 

979 


871 


992 


1093 


992 
941 
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Saint  Croix  River,  Me.,  improvement  of 

Saint  Francis  River,  Arkansas  and  Missouri,  improvement  of 

Saint  Joseph,  Mo.,  improvement  of  river  at 

Saint  Joseph's  Harbor,  Mich.,  improvement  of 

Saint  Louis  Harbor,  Mo.,  improvement  of 

Saint  Mary's  Falls  Canal,  Mich 

Saint  John's  River  and  Fernandina,  Fla.,  deepening  inside  passage 

between 

Salem  Harbor,  Mass.,  improvement  of 

San  Diego  Harbor,  Cal.,  improvement  of 

San  Joaquin  River,  Cal.,  improvement  of 

Sandusky  City  Harbor,  Ohio,  improvement  of 

Sangatnck  Harbor,  Mich.,  improvement  of 

Savannah  Harbor  and  River,  Ga.,  improvement  of 

Schuylkill  River,  Pa.,  improvement  of 

Sea-coast  and  lake-frontier  defenses 

Seekonk  River,  R.  I.,  improvement  of 

Sheboygan  Harbor,  Wis.,  improvement t)f 

Shrewsbury  River,  N.  J.,  improvement  of 

Snag-boats  on  Mississippi,  Missouri,  and  Arkansas  Rivers *.. 

Snake  River,  Wash.  Ter.,  improvement  of 

Sodus  Harbor,  N.  Y.,  Great,  improvement  of 

Sod  us  Harbor,  N.  Y.,  Little,  improvement  of 

South  Haven  Harbor,  Mich.,  improvement  of 

Southport  Harbor,  Conn.,  improvement  of 

Southwest  Pass,  Mississippi  River,  improvement  of 

Staten  Island,  N.  Y.,  improvement  of  New  Jersey  Channel 

8teamer  Henry  Burden,  operations  of 

Stonington  Harbor,  Conn.,  improvement  of -^ 

Sturgeon  Bay  Canal,  Wis.,  harbor  of  refuge  at 

Superior  Bay  and  entrance,  Wis 

Surveys  and  explorations  40th  parallel 

Surveys  and  explorations  west  of  the  100th  meridian 

Survey  of  northern  and  northwestern  lakes,  and  of  the  Mississippi 

River 

Surveys  and  examinations  for  improvement  of  rivers  and  harbors, 

estimates  for 

Swanton  Harbor,  Vt.,  improvement  of 

T. 


Taunton  River,  Mass.,  improvement  of 

Tennessee  River,  above  Chattanooga,  improvement  of   

Tennessee  River,  below  Chattanooga,  improvement  of 

Thames  River,  Conn.,  improvement  of 

Thunder  Bay  River,  Mich.,  improvement  of  mouth  of 

Thunderbolt  River,  Fla.,  improvement  of 

Toledo  Harbor,  Ohio,  improvement  of 

Tonibigbee  River,  Ala.,  improvement  of 

Tone's  Bayou,  La.,  closing  of 

Torpedo  defense 

Transportation-routes  to  the  seaboard  : 

Survey  of  third  subdivision,  central  route,  from  Ohio  River  to 

tide- water  in  Virginia .* 

Two  Rivers  Harbor,  Wis.,  improvement  of ...., 


U. 


Upper  Mississippi  River,  improvement  of 

T. 

Vermillion  Harbor,  Ohio,  improvement  of, 
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W. 

• 

Wabash  River,  Iud.,  improvement  of 

Waddington  Harbor,  N.  Y. ,  improvement  of 

Wachita  River,  Arkansas  and  Louisiana,  improvement  of 

Warebam  Harbor,  Mass.,  improvement  of 

Washington  and  Georgetown  Harbors,  D.  C,  improvement  of 

Washington  Aqueduct,  D.C 

Washington  Aqueduct,  Rock  Creek  Bridge 

Water  communication  between  Gulf  of  Mexico  and  Atlantic  Ocean, 

report  on 

Water-ganges  on  Mississippi  River  and  tributaries 

White  River,  Ark.,  above  Jacksonport,  improvement  of -. 

White  River  Harbor,  Mich.,  improvement  of 

White  and  Saint  Francis  Rivers,  removal  of  snags  and  rocks  from 

Wicomico  River,  Md.,  improvement  of 

Willamette  River,  Lower,  Oreg.,  improvement  of 

Willamette  River,  Upper,  Oreg.,  improvement  of 

Wilmington,  Cal.,  constrnction  of  breakwater  at 

Wilmington  Harbor,  Del.,  improvement  of 

Wilson  Harbor,  N.  Y.,  improvement  of 

Wisconsin  and  Fox  Rivers,  improvement  of 

Wisconsin  River,  improvement  of 

Y.     • 

Yazoo  River,  Miss.,  improvement  of , 
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